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INTRODUCTION
1 Scope

1.1 These requirements apply to direct-fed incinerators, including those of the gas and electric ignition
types, designed primarily for use as a crematory (as defined in 5.30). They are not intended to incinerate
any hazardous, including biological/infectious, chemical and/or explosive, types of material and not
intended for use in spaces in which flammable vapor or gases may be present.

1.2 These requirements are only intended to cover the safety aspect of the direct-fed incinerators, with
respect to fire, shock, mechanical hazards, and carbon monoxide emissions.

1.3 Crematpries covered by these requirements are the factory-made type and may be,field assembled.
These requitements do not cover an incinerator that requires the use of a brick or.masopry wall, etc.,
which forms g part of the building structure.

1.4 Gas-hegting incinerators covered by these requirements may be opérated without|a competent
attendant be|ng constantly on duty at the burners while the burners are in operation.

1.5 Incinerators may be subject to local regulations and/or EPA regulations, such as the [Clean Air Act
and/or the R¢source Conservation and Recovery Act, with respect-o:

a) Pqrticulate emissions, oxides of nitrogen, and other*products of combustion in|the flue gas.
Thes¢ requirements do not include limitations on Nex emissions and only carbon monoxide was
requifed to be within the specified limits.

b) The types of wastes to be incinerated.

1.6 Additiopal installation and operation requirements are available as defined by the Natipnal Fuel Gas
Code, NFPA|54, the Liquefied Petroleum Gas Code, NFPA 58, the National Electrical Code, NFPA 70 and
other codes as applicable.

2 Compongents

2.1 Exceptlas indicated in(2.2, a component of a product covered by this Standard shall cgmply with the
requirementg for that compoenent.

2.2 A component need not comply with a specific requirement that:

a) Invplves a feature or characteristic not needed in the application of the component jn the product
covered by this Standard, or

b) Is superseded by a requirement in this Standard.

2.3 A component shall be used in accordance with its rating established for the intended conditions of
use.

2.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.
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3 Units of Measurement

3.1
approximate i

nformation.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

3.2 Unless indicated otherwise, all voltage and current values mentioned in this standard are rms.

4 Undated References

4.1

interpreted as referring to the latest edition of that code or standard.

Any undated reference to a code or standard appearing in the requirements of this Standard shall be

5 Glossary
5.1 Forthe

52 AIRSH
or secondary

5.3 AIRSH

54 AIR SH
position.

5.5 ALUMIN
the aluminum|

5.6 ASH-T

5.7 ASH PI]
the incinerato

5.8 BAFFLH
5.9 BASE

5.10 BURN
combustion Z|

purposes of this Standard the following definitions apply.

UTTER — An adjustable device for varying the size of the air inlet or inlets regul
air.

UTTER, AUTOMATICALLY OPERATED - An air shutter operated by an automa

UTTER, MANUALLY OPERATED - An air shuttemanually set and locked ir

UM COATED STEEL — An aluminum coated steel in which the bond between
is an iron-aluminum alloy.

" DOOR — A door below the.grate level used for removing ash or other noncomb
r.

— An object placed,in an incinerator to direct the flow of air or flue gases.
The main supporting frame or structure of the assembly.

FR —.Adevice for the final conveyance of the gas, or a mixture of gas ar
bne:

he solid residue remaining after combustion or incineration has been completed.

ating primary

ic control.

the desired

the steel and

ustibles from

d air, to the

5.11

and ignited automatically.

BURNER, AUTOMATICALLY LIGHTED — One where fuel to the main burner is normally turned on

5.12 BURNER, MANUALLY LIGHTED — One where fuel to the main burner is turned on only by hand
and ignited under supervision.

5.13 BURNER HEAD, GAS — That portion of a burner beyond the outlet end of the mixer tube which
contains the ports.

5.14 CASING — An enclosure forming the outside of the incinerator, no parts of which are likely to be
subjected to intense heat.


https://ulnorm.com/api/?name=UL 2790 2024.pdf

APRIL 2, 2024

UL 2790

5.15 CHIMNEY, HIGH-HEAT — A chimney capable of withstanding a continuous flue gas temperature
exceeding 982°C (1800°F).

5.16 CHIMNEY, MEDIUM-HEAT — A chimney capable of withstanding a continuous flue gas temperature
not exceeding 982°C (1800°F).

5.17 CHIMNEY CONNECTOR - The pipe which connects a fuel burning incinerator to a chimney.

5.18 CHIMNEY, FACTORY BUILT — Those chimneys of the factory-made type intended for use with gas
tors.

fired incinera

519 COM
contact with
of or surface|
material shal

5.20 COMH
or heat and |
oxygen.

5.21 COME

5.22 COMH
flame proper

5.23 COMH
of the air, inc

5.24 CONT|
incinerators.

5.25 CONT
predeterming
fuel supplies
type which g

5.26 CONT|
temperature
operating ra

ing incinerators

and

"ate

heat produc , chimney connectors vent connectors, means1

be considered as combustible even though flameproofed, fire retardant treated

USTION — As used herein, the rapid oxidation of fuel accompanied by the prod
ght. Complete combustion of a fuel is possible only in the presence of an adeq

USTION CHAMBER - The portion of an incinerator within which combustion oc

USTION DETECTOR - That part of a primarysafety control which is respons
ies.

USTION PRODUCTS - Constituents resulting from the combustion of a fuel wi
uding the inerts, but excluding excessair.

It may be automatic, semi-automatic, or manual.

ROL INPUT, COMBUSTION — A control which automatically regulates the
d air-fuel ratio in aceordance with load demand. It may be a type which positio
for low fire andAorhigh fire as required to meet the load demands, or it may be
adually varies the air and fuel supplies within limits to meet the load demand.

ROL, KIMIT — A safety (protective) control that is responsive to changes
or flow:~This control may be used for regulating purposes or may be set beyong
hge,'of the controlled equipment to limit its operation. This control may bsg

E

facent to or in

haterial made

d with wood, compressed paper, plant fibers, or other material that will ighite’and burn. Such

or plastered.

ction of heat,
ate supply of

curs.

ive directly to

th the oxygen

ROL - A device designed to*“tegulate the fuel, air, or electrical supply to the controlled

firing rate at
ns the air and
a modulating

in pressure,
the intended
electrical or

mechanical i

- TR
rTiature.

5.27 CONTROL, OPERATING — A control to start or regulate burner firing according to load demand and
to stop or regulate firing of the burner on satisfaction of demand or upon reaching normal temperature or
pressure in the incinerator being fired. An operating control may be electrical or mechanical in nature and
may actuate auxiliary devices to perform the functions described above. An operating control could
provide Type 1 or Type 2 action. (See 5.76 and 5.77.)

5.28 CONTROL, SAFETY (PROTECTIVE) — A control intended to prevent the risk of electric shock, fire,
or injury to persons during abnormal operation of the appliance. An example would be a high gas pressure
limit control. A protective control always provides Type 2 action. (See 5.76 and 5.77.)
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5.29 CONTROL, PRIMARY SAFETY — An automatic control that monitors the operation of a gas-fired or
an oil-fired burner. It normally consists of the following sections that may be integrated into a common unit
or may be separate units, interconnected by wiring:

5.30 CREMATORY - An incinerator, for commercial purposes, used to reduce to ash anima

5.31

5.32 EXCE$S AIR~Air which passes through the combustion chamber and the incine
excess of that whichuistheoretically required for complete combustion.

5.33 FLAME-SAEEGUARD — See Control, Drimnry annfy, 529

a) Programming Unit — A device that programs the burner through start-up and shutdown
operations in response to signals from regulating, limiting, and monitoring devices. It also provides

the timings, as required, in proper sequence, for purging, flame establishing periods a
ignition or flame failure, for safety shutdown (lockout).

b) Combustion Detector — A device that is responsive to flame properties. It monitors

nd in case of

the flame at

the point of flame supervision and transmits a signal to the programming unit, indicating absence or

presence of flame.

(42.4 peak) or direct current and supplied by a primary.battery or by a standard Class !
or other suitable transforming device, or by a suitable combination of transform
impedpnce having output characteristics in compliance with what is required fo
transformer. A circuit derived from a source*0f supply classified as a high-voltag
connegting resistance in series with the supply circuit as a means of limiting the
current, is not considered to be a low-voltagé’circuit.

c) Isojated Limited Secondary Circtit’— A circuit of limited energy derived from
seconfary winding of a transformer having a maximum capacity of 100 volt-ampe
open-gircuit secondary voltageTating not exceeding 1000 volts.

d) Safety Control Circuit.=\A circuit involving one or more safety controls in which f
groundling, opening, of shorting of any part of the circuit can cause unsafe ope
contralled incinerator'or can introduce a direct fire or life hazard.

| and human
mbled in the

having circuit

ating current
P transformer
er and fixed
r a Class 2
e circuit, by
voltage and

an isolated
res (VA) and

ailure due to
ration of the

rator flues in

5.34 FLUE — A conduit or passageway, vertical or nearly so, for conveying flue gases to the outer air.

5.35 FLUE COLLAR - That portion of an incinerator designed for attachment of the chimney, flue or vent
connector.

5.36 FLUE GASES — Combustion products and excess air.

5.37 FLUE PIPE — The conduit connecting the incinerator with the chimney.

5.38 GAS VENT - The piping and fittings for conveying flue gases to the outside atmosphere.
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5.39 HEATING SURFACES - All surfaces which transmit heat directly from flame or flue gases to the
medium to be heated.

5.40 IGNITION, CONTINUOUS - Ignition by an energy source which is continuously maintained through
the time the burner is in service, whether the main burner is firing or not.

5.41 IGNITION, INTERMITTENT - Ignition by an energy source which is continuously maintained
through the time the burner is firing.

5.42 IGNITION, INTERRUPTED - Ignition by an energy source which is automatically energized each
time the main burner is fired and subsequently is automatically shut off during the firing cycle.

5.43 INTERLOCK - A control to prove the physical state of a required condition, and to-fumish that proof
to the primary safety control circuit.

5.44 LINER — See Radiation Shield, 5.69.

5.45 LINING — Those interior surfaces of a combustion chamber which are exposed tp combustion
during use of the incinerator.

5.46 LIQUEFIED-PETROLEUM GAS - Fuel gases, includingy'commercial propane, predominantly
propane or pfopylene or commercial butane, predominantly butane; isobutane, and/or butylene.

5.47 LP-GAS AIR MIXTURE - Liquefied-petroleum gases distributed at relatively low pressures and
normal atmoppheric temperatures which have been diluted with air to produce desired heatjng value and
utilization characteristic.

5.48 MAINBURNER FLAME-ESTABLISHINGPERIOD - The interval of time the main burner fuel safety
shutoff valvep are permitted to be open before-the primary safety control is required to supervise the main
burner flame

5.49 MANIFOLD — The conduit of an incinerator which supplies gas to the individual burner.

5.50 MIXER, GAS — The combination of mixer head, mixer throat, and mixer tube.

a) Mixer Head ~ That portion of an injection type burner, usually enlarged, into whi¢h primary air
flows [to mix wittrthe gas stream.

b) MixerThroat — That portion of the mixer which has the smallest cross-sectional arlea and which
lies between the mixer head and the mixer tube

c) Mixer Tube — That portion of the mixer which lies between the throat and the burner head.
5.51 MIXER FACE, GAS — The air inlet end of the mixer head.

5.52 NORMAL CARE - The periodic tasks usually performed to operate and maintain an incinerator,
such as air, fuel, pressure, and temperature regulation, cleaning, lubrication, and resetting of controls.

5.53 ORIFICE — The opening in a cap, spud, or other device whereby the flow of gas is limited and
through which the gas is discharged to a burner.

5.54 ORIFICE CAP (HOOD) — A movable fitting having an orifice which permits adjustment of the flow of
gas by the changing of its position with respect to a fixed needle or other device.
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5.55 ORIFICE SPUD — A removable plug or cap containing an orifice and which permits adjustment of
the flow of gas either by substitution of a spud with a different sized orifice or by the motion of a needle

with respect to it.

5.56 PILOT

— A small flame which is utilized to ignite the fuel at the main burner or burners.

5.57 PILOT, AUTOMATIC — Consists of an automatic pilot device and pilot burner assembly securely

assembled in

fixed functional relationship.

5.58 PILOT, CONTINUOUS - A pilot that burns without turn-down throughout the entire time the burner
assembly is in service, whether the main burner is firing or not.

5.59 PILOT,
service, whef|
so as to relia
burner flame-

5.60 PILOT
proved pilot b

5.61 PILOT,

EXPANDING — A pilot that burns throughout the entire time the burner, ag
her the main burner is firing or not. Upon a call for heat, the pilot is automatica
bly ignite the main burner. This pilot may be turned down automaticallylat the
pstablishing period.

FLAME-ESTABLISHING PERIOD - The interval of time fuel is.permitted to be ¢
efore the primary safety control is required to detect pilot flame:!

INTERMITTENT — A pilot which is automatically lighted each time there is a ¢

burns during the entire period that the main burner is firing.

5.62 PILOT,
The pilot fuel

5.63 PILOT,

5.64 PORT
ignition.
5.65 PRIMA

ignition zone.

5.66 POST-
during which

5.67 PREP
the combusti

INTERRUPTED - A pilot which is automatically lighted each time there is a
s cut off automatically at the end of the main‘burner flame-establishing period.

PROVED - A pilot flame supervised®y a primary safety control.

— Any opening in a burner head-through which fuel or an air-fuel mixture is d

RY AIR — The air introduced into a burner which mixes with the fuel before it

PURGE PERIOD — The period of time after the fuel delivered to the burner is

URGEPERIOD — The period of time during the burner start-up in which air is in
bR,_chamber and the associated flue passages in such volume and manner as {

he burnermotor or fan continues to run to supply air to the combustion chambet.

sembly is in
Ily expanded
end of main

lelivered to a

all for heat, if

call for heat.

scharged for

reaches the

stopped and

roduced into
o completely

replace the a

Or fuet=air mixture contaimed therei prior to mitatimng fgnitiorn:

5.68 PROOF OF CLOSURE SWITCH - A non-field adjustable switch installed in a safety shutoff valve
by its manufacturer that activates only after the valve is fully closed.

5.69 RADIATION SHIELD — A separate panel or panels interposed between heating surfaces and
adjacent objects to reduce heat transmission by radiation.

5.70 READILY ACCESSIBLE — Capable of being reached easily and quickly for operation, adjustment,
and inspection.

5.71 REGULATOR, GAS-PRESSURE — A device for controlling and maintaining a uniform outlet gas
pressure.
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5.72 RESPONSE TIME - FLAME FAILURE - The interval between the occurrence of flame
extinguishment and de-energizing the safety shutoff means.

5.73 SAFETY CONTROL - See Control, Safety, 5.28.

5.74 SAFETY SHUTDOWN - The action of shutting off all fuel and ignition energy to the incinerator by
means of a safety control or controls such that restart cannot be accomplished without manual reset.

5.75 SECONDARY AIR - The air externally supplied to the flame at the point of combustion.

5.76 THERMOSTAT — An automatic control actuated by temperature change to maintain temperatures

between pre
5.77 TOOU

5.78 TYPE
operating va
for Automati
60730-1.

5.79 TYPE
operating va
Automatic El

5.80 VALVH
a burner.

5.81 VALVE
by an emerg

5.82 VALVH
lubricant bet

5.83 VALVE
completely ty

5.84 VENT

5.85 ZERO

JCtUI LIl I;I ch :;I I I;tD.
S, SPECIAL — Those tools that are not available on the open retail market:

1 ACTION — Automatic action for which the manufacturing devjation and t
ue, operating time, or operating sequence have not been declared and tested to
Cc Electrical Controls for Household and Similar Use, Part<1.,General Reqy

2 ACTION — Automatic action for which the manufacturing deviation and t
ue, operating time, or operating sequence have been'declared and tested to th¢
pctrical Controls for Household and Similar Use,-Rart 1: General Requirements,

E, BURNER-INPUT CONTROL - An automatic-control valve for regulating the i

F, SAFETY SHUTOFF — A valve that is automatically closed by the safety con
bncy device. Such valve may be'of the automatic or manually opened type.

F, LUBRICATED PLUG TYPE — A valve of the plug and barrel type designed for
veen the bearing surfaces.

E, MANUAL GAS-SHUTOFF — A manually operated valve in a gas line for th
rning on or shutting off the gas supply.

CONNEGTOR - The pipe which connects a gas-fired incinerator to a gas vent g

GOVERNOR - A regulating device which is normally adjusted to deliver gas a

he drift of its
the Standard
irements, UL

he drift of its
Standard for
UL 60730-1.
hput of fuel to
rol system or
maintaining a

e purpose of

r chimney.

k atmospheric

pressure within its flow rating.

CONSTRUCTION - ELECTRICAL

6 General

6.1

normal usage or from a connection required to be uncoupled for servicing the incinerator.

Electrical devices and wiring shall be arranged so that oil or water will not drip or run on them during

6.2 Attachment plugs or separable connectors shall not be used in circuits when the breaking or making
of the circuit by such devices may result in operation of the incinerator in a manner that involves a risk of
fire, electric shock, or injury to persons.
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7 Servicing and Adjustment

7.1

a) Adjusting the setting of temperature controls with or without marked dial settings;

b) Resetting control trip mechanism; operating manual switches;

c¢) Adjusting air-flow dampers.

A factory set and sealed control is not considered to be adjustable.

7.2 Adjusta
with respect {
operation car
are:

a) Not

b) Are

7.3 An ele
maintenance
respect to oth
service functi
uninsulated li

7.4 Compor
uninsulated li

8 Enclosures

8.1 Genera

8.1.1 Unins

by persons diiring normal use-of the appliance. This applies to such parts located in a compa

access is req
cleaning, and

8.1.2 Amon

ble or resettable electrical control or manual switching devices may be locate
0 uninsulated live parts so that manipulation of the mechanism for adjustment
be accomplished in the normal direction of access if uninsulated live parts or

located in front, in the direction of access of the mechanism; and

not located within 6 inches (152 mm) on any side or behind the mechanism, unl

trical control component which may require examination, adjustment,
while energized, not including voltage measurements, shall be located and
er components and with respect to grounded metal*parts so that it is accessible
bns without subjecting the serviceman to the likelihood of risk of electric shock f
e parts or to the risk of injury from adjacent foving parts.

ents in a low-voltage circuit are to camply with the requirements of 21.3 in thg
e parts in a high-voltage circuit and\to'moving parts.

Lired for nofmal care of the appliance, such as resetting controls, replacing filter
the liker

j the factors taken into consideration when judging the acceptability of an enclos

Service functions which may have to be performed with the incinerator energized include:

0 or oriented

resetting, or

moving parts

bss guarded.

servicing, or
nhounted with
for electrical
rom adjacent

Bir relation to

ilated live high-voltage parts shall be enclosed or guarded to prevent unintentional contact

tment where
5, lubrication,

ure are:

a) Mechanical strength;

b) Resistance to impact;

c) Moisture-absorptive properties;

d) Combustibility;

e) Resistance to corrosion; and

f) Resistance to distortion at temperatures to which the enclosure may be subjected under

condit

ions of normal or abnormal use.


https://ulnorm.com/api/?name=UL 2790 2024.pdf

APRIL 2, 2024 UL 2790 15

For a nonmetallic enclosure or part of an enclosure, all these factors are considered with respect to
thermal and chemical aging according to the requirements in the Standard for Polymeric Material — Use in
Electrical Equipment Evaluations, UL 746C.

8.1.3 The enclosure shall reduce the likelihood of the emission of molten metal, burning insulation,
flaming particles, or the like through openings onto combustible material, including the surface on which
the equipment is mounted.

8.1.4 Where the design and location of the component and the strength and rigidity of the outer cabinet
warrant, an individual enclosure of thinner metal than specified in Table 8.1 or Table 8.2 whichever applies,
may be employed.

8.1.5 EIectllicaI parts within the outer cabinet need not be individually enclosed if the assen|1bly conforms
with all of thg following:

a) Thieir design and location with respect to openings in the outer cabineb will no{ result in the
emisgion of flame or molten metal through openings in the cabinet or if.it\can be shown that failure
of thel component would not result in a risk of fire;

b) There are no openings in the bottom of the compartment in which'the part is located which would
permit dropping of molten metal, and the like, onto combustible ‘material;

¢) The part is not in proximity to combustible material otherthan electrical insulation;

d) The part is not located closer than 5 inches (127 mm) to the outer cabinet unless the thickness of
sheeflmetal is in compliance with Table 8.1;

e) The part is not located in an air-handling compartment;

f) The thickness of the outer cabinet is not less than two-gage thicknesses thinner thgn indicated in
Table|8.1 for the maximum dimensionis-of the cabinet enclosure.

g) The part is not subject to unintentional contact by persons. See 22.8 — 22.17.

8.1.6 The fequirements of 8.5 apply only to parts of high-voltage circuits as defined by these
requirementsg.

8.1.7 Allinfended mounting positions of the unit are to be considered when determining if it complies with
the requiremgnt of 8/1°3.

8.1.8 Cabinet'compartments housing gas piping and controls shall be ventilated.

8.1.9 Steel enclosures shall be protected against corrosion by painting, plating, or equivalent means.

8.1.10 The thickness of a sheet metal enclosure shall be as indicated in Table 8.1 and Table 8.2.

Exception: When the design and location of components and the strength and rigidity of the outer cabinet
warrant, an individual enclosure thinner than specified in Table 8.1 and Table 8.2 is able to be employed.
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Table 8.1
Minimum thickness of sheet metal for enclosures — carbon steel or stainless steel

Without supporting frame®

With supporting frame or equivalent
reinforcing

Minimum thickness,

inches (mm)

Maximum width® | Maximum length® [ Maximum width® | Maximum length Uncoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) (MSG) (GSG)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020  (0.51) | 0.023  (0.58)
475 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (24)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.029 (0.74)
7.0 (17p8) 875 {255y 190 {254) 1275 {34-8) {22} (22)
8.0 (2014) Not limited 12.0 (30.5) Not limited 0.32 (0.81) 0.0B4 (0.86)
9.0 (229) 115 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)
12.5 (3118) Not limited 19.5 (49.5) Not limited 0.042 (1:07) 0.045 (1.14)
14.0 (356) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (18)
18.0 (487) Not limited 33.0 (83.8) Not limited 0.080 (1.53) 0.0p3 (1.61)
25.0 (635) 31.0 (78.7) 35.0 (89.0) 43.0 (109.2) (15) (15)
25.0 (6314) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.0[70 (1.78)
29.0 (7347) 36.0 (91.4) 41.0 (104.0) 51.0 (429.5) (14) (14)
33.0 (838) Not limited 51.0 (129.5) Not limited 0.080 (2.04) 0.04 (2.13)
35.0 (890) 47.0  (194) | 540  (137.1) | 66.0°\" (167.6) (13) (13)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.0p7 (2.46)
42.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) (12)
52.0  (13%.1) Not limited 80.0  (2032) Not limited 0.108  (2.74) | 0.111 (2.80)
600  (1524) [ 740  (188.0) | 84.0 «(2134) [ 1030  (261.6) (11) (11)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.1p6 (3.20)
73.0 (18%.4) 90.0 (228.6) 1030 (261.6) 127.0 (322.6) (10) (10)
@ A supporting frame is a structure of angle or.channel or a folded rigid section of sheet metal which is rigidly attachgd to and has
essentially the $ame outside dimensions-as'the enclosure surface and which has sufficient torsional rigidity to resist|the bending
moments whict] may be applied via the enclosure surface when it is deflected. Construction that is considered to haye equivalent
reinforcing maylbe accomplished by designs that will produce a structure which is a rigid as one built with a frame of angles or
channels. Consgtruction considered-to be without supporting frame includes:
1) sihgle sheet with=single formed flanges (formed edges),
2) apingle sheet which is corrugated or ribbed, and
3) anp enclosure surface loosely attached to a frame, for example, with spring clips.
® The width is ttre-smatterdimensionof-arectangutar-sheet metatpece-whichispartofamenciosure—Adjacentsurfaces of an

enclosure may have supports in common and be made of a single sheet.

¢ For panels which are not supported along one side, e.g., side panels of boxes, the length of the unsupported side shall be lifted
to the dimensions specified unless the side in question is provided with a flange at lease 1/2 inch (12.7 mm) wide.
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Minimum thickness of sheet metal f-lc-:'b;ﬁcslgsures — aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame? reinforcing®

Maximum width® | Maximum length® [ Maximum width® | Maximum length Minimum thickness
inches (cm) inches (cm) inches (cm) inches (cm) (mm) (AWG)

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58)

35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) (22)

4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)

5.0 (12.7) 60 (15.2) 105 (26.7) 135 (34.3) (20)

6.0 (19.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)

6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (18)

8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)

9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (16)

12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47)

14.0 (3%-6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (14)

18.0 (4%.7) Not limited 420  (106.7) Not limited 0.075 (1.91)

20.0 (50.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139Y7) (12)

25.0 (68.4) Not limited 60.0  (152.4) Not limited 0.095 (2.41)

29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (10)

37.0 (94.0) Not limited 87.0  (221.0) Not limited 0.122 (3.10)

42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (8)

52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)

60.0  (1924) | 740  (188.0) | 130.0 _((830.2) [ 160.0  (406.4) (6)
@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attachpd to and has
essentially the[same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resisf the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to hgve equivalent
reinforcing may be accomplished by designs that will produce a structure which is as rigid as one built with a frame [of angles or

channels. Congtruction considered to be'without supporting frame includes:
1) gingle sheet with singlé formed flanges (formed edges),

2) g single sheet which'is’corrugated or ribbed, and

3) gn enclosure{surface loosely attached to a frame, such as, with spring clips.

hces of an

ed side shall
m) wide.

8.1.11 Sheet metal to which a wiring system is to be connected in the field shall have a thickness not less
than 0.032 inch (0.81 mm) (No. 20 MSG) if uncoated steel, not less than 0.034 inch (0.86 mm) (No. 20
GSQG) if galvanized steel, and not less than 0.045 inch (1.14 mm) if nonferrous.

8.1.12 If insulating material other than electrical insulation is provided within the enclosure, consideration
is given to the burning characteristics and combustibility of the material and the proximity of an ignition
source.

8.1.13 Terminal housings of motors, to which connections are to be made in the field, shall be of metal
and shall be sized in accordance with the National Electrical Code, NFPA 70.
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8.1.14 A junction box partially formed by another part such as a fan scroll or a motor casing is to fit such

that:

a) An opening between the box and motor frame having a dimension exceeding 1/2 inch (12.7 mm)
does not permit a flat feeler gauge, 5/64 by 1/2 inch (2.0 by 12.7 mm) wide to enter; and

b) An opening between the box and motor frame having no dimension exceeding 1/2 inch
(12.7 mm) does not permit the entrance of a 13/64 inch (5.2 mm) diameter rod.

8.1.15 The criteria for judging an opening in an electrical enclosure are given in the following items and

the related fig

a) An

b) An
condif]

8.1.16  Durir
which may bg

8.2 Access

8.2.1 During
concerning a

a)Aq
attach
remov

b) Insuilated brush caps(are not required to be additionally enclosed;

c) The
angled
exami

ures:

1) A probe, as illustrated in Figure 8.1, cannot be made to touch any uninsul
when inserted through the opening; and

2) A probe, as illustrated in Figure 8.1, cannot be made to toych~enamel ir
when inserted through the opening.

opening that will permit entrance of a 3/4 inch diameterrod is acceptab
ons described in Doors and covers, 8.3.

g the examination for conformance with the requirements in 8.1.15, a part of th
removed with the use of tools is to be removed.

bility of uninsulated live parts and film>coated wire — general

the examination of a product to.détermine whether it complies with the
cessibility of uninsulated live parts and film-coated wire:

art of the enclosure that may-be opened or removed by the user without usi
an accessory, to makecan-'operating adjustment, or for other reasons) is to 4
ed;

probes shall*be applied to any depth that the opening will permit; and shall
before, during, and after insertion through the opening to any position that is
he the-enclosure; and

d) Th

ceeptable if:

hted live part

sulated wire

e under the

e enclosure,

requirements
hg a tool, (to

e opened or

be rotated or
necessary to

minimum force necessary to determine accessibility.

proebes shall be used as measuring instruments to judge the accessibility provided by an
%mmemmmmmmned with the

opening;

8.2.2 The criteria for judging an opening in an electrical enclosure are given in (a) — (b) and the related

figures:

a) An opening that will not permit entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable if:

1) A probe as illustrated in Figure 8.1 cannot be made to touch any uninsulated live part

when inserted through the opening; and

2) A probe as illustrated in Figure 8.2 cannot be made to touch film-coate
inserted through the opening.

d wire when
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b) An opening that will permit entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable under
the conditions described in Doors and covers, 8.3.

Figure 8.1

Probe for uninsulated live metal parts

-~ ANY CONVENIENT LENGTH
1/2 INCH DIA.
3/4 INCH DIA \1g/mm)

It — \\/

9/16 INCH(14.3mm 4——> 3/16 INCH R

(4.8mm)

4 INCHES
(101.6mm)

PA1BOA
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Figure 8.2

Probe for film-coated wire

— —=— ANY CONVENIENT LENGTH
3/4" (19.1mm) DIA. —
1/2" (12.7mm) DIA.
A
W

PA14C

~s— 4" (101.6mm)

1/4” (6:4mm) RAD.
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Figure 8.3

Opening in enclosure
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,’///////////////

ENCLOSURE OPENING

SECTION-A—A
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LIVE PART—/-

SECTION B-B
s\\\\P\\\\1 ///ﬁ////z

) '
N '
\\ ’/

LIVE PART—/-

£C100B
The opening is acceptable if, within the enclosure, there is no uninsulated live part or enamel-insulated wire:
a) Less than X inches (mm) from the perimeter of the opening, as well as

b) Within the volume generated by projecting the perimeter X inches (mm) normal to its plane. X equals five times the
diameter of the largest diameter rod which can be inserted through the opening, but not less than 4 inches (102 mm).
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8.3 Doors and covers

8.3.1 A cover or access panel of an enclosure for uninsulated live parts shall be provided with means for
securing it in place.

8.3.2 A hinged or pivoted panel or cover shall be positioned or arranged so that it is not subject to falling
or swinging due to gravity or normal vibration in such a manner as to cause injury to persons by the panel
or cover, or by hazardous moving parts or uninsulated live parts.

8.3.3 The assembly incorporating overcurrent protective devices shall be arranged so that fuses can be
replaced and manual-reset devices can be reset as apphcable without removing parts other than a

mbly without
ing button of a
, and similar

dle shall not
ign of the dial,

high-voltage
live parts witHin 4 inches (102 mm), other than the screw shell'of a plug fuseholder, cartridgefuse clips, or
wiring terminals to the fuseholder, will not be exposed to.contact by persons removing or reglacing fuses.
An insulating|barrier of vulcanized fiber or equivalent,material employed for this purpose shall be not less
than 0.028 in¢h (0.71 mm) in thickness.

8.3.7 The dpor or cover of an enclosure shall.be hinged if it gives access to fuses or any metor overload
protective deyice, the normal functioning of-which requires renewal, or if it is necessary to ogen the cover
in connection|with the normal operationof-the protective device such as resetting a manual r¢set overload
protective deyice.

Exception: A hinged cover is not required for a device in which the only fuses enclosed are:

a) Control-circuit fuses of 2 amperes or less, provided the fuses and control-circuil| loads, other
than alfixed control-circuit load, such as pilot lamp, are within the same enclosure;

b) Extractor-type fuses each with its own enclosure; or

o doas o lio ~ H-NwT
C) FUO o I rovw VUILGyU CIirourto.

8.3.8 Hinged covers, where required, shall not depend solely upon screws or other similar means
requiring the use of tools to hold them closed, but shall be provided with a catch or spring latch.

8.3.9 A spring latch, a magnetic latch, a dimple or any other mechanical arrangement that will hold the
door in place and would require some effort on the user's part to open, is an acceptable means for holding
the door in place as required in 8.3.8.

8.3.10 A door or cover giving direct access to fuses in other than low-voltage circuits shall shut closely
against a 1/4 inch (6.4 mm) rabbet or the equivalent, or shall have either turned flanges for the full length
of four edges or angle strips fastened to it. Flanges or angle strips shall fit closely with the outside of the
wall of the box proper and shall overlap the edges of the box not less than 1/2 inch (12.7 mm). A
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construction which affords equivalent protection, such as a fuse enclosure within an outer enclosure, or a

combination

8.3.11

of flange and rabbet, is acceptable.

Strips used to provide rabbets, or angle strips fastened to the edges of a door, shall be secured at

not less than two points, not more than 1-1/2 inches (41.1 mm) from each end of each strip and at points
between these end fastenings not more than 6 inches (152 mm) apart.

8.3.12 A plate or plug for an unused conduit opening or other hole in the enclosure shall have a
thickness not less than:

a) 0.014 inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for a hole having a
1/4 inch (6.4 mm) maximum dimensions; and

b) 0.0
1-3/8

A closure for|
standard kng

8.3.13 Ans

27 inch (0.68 mm) for steel or 0.032 inch (0.81 mm) for nonferrous metal for'a
inch (34.9 mm) maximum dimensions.

ckout seal shall be used. Such plates or plugs shall be securely mounted.

lectron tube or similar glass-enclosed device shall be protected against mechan

8.4 Field wiring system connection

8.4.1 If thrg
or if an equiy
in the metal,

8.4.2 |If thre
wall, conduit
smooth, rour
that provided
same as that]

843 Ane
engaging wit

84.4 A kn
deformation

8.4.5 A knd

ads for the connection of conduit are tapped all'the way through a hole in an e
alent construction is employed, there shall be not less than three nor more tha

ads for the connection of conduit are“not tapped all the way through a hole in
hub, or the like, there shall be not less than 3-1/2 threads in the metal and th
ded inlet hole for the conductors’which shall afford protection to the conductors

of the corresponding trade size of rigid conduit.

nclosure threaded~for support by rigid conduit shall provide at least five fu
h the conduit.

bckout in‘sa-'sheet metal enclosure shall be capable of being removed w
bf the enclosure.

hole having a

a larger hole shall have a thickness equal to that required for the enclosure of the device or a

cal damage.

hclosure wall,
n five threads

and the construction of the device shall be stuich that a conduit bushing can be aftached.

an enclosure
bre shall be a
equivalent to

by a standard conduit bushing and which shall have an internal diameter apptoximately the

[| threads for

ithout undue

ckout shall be provided with a flat surrounding surface for seating of a conduit

bushing, and

shall be so located that installation of a bushing at any knockout likely to be used during installation will not
result in spacings between uninsulated live parts and the bushing of less than those required.

9 Field Wiring

9.1

9.11

General

in accordance with the National Electrical Code, NFPA 70.

Provision shall be made for connection of a wiring system that would be suitable for power supply

9.1.2 The location of an outlet box or compartment in which field wiring connections are to be made shall
be such that these connections may be inspected after the equipment is installed as intended.
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9.1.3 The connections shall be accessible without removing parts other than a service cover or panel
and the cover of the outlet box or compartment in which the connections are made. A component intended
for use as the cover of an outlet box or compartment may serve as a cover.

9.1.4 The size of a junction box in which field-installed conductors are to be connected by splicing shall
be not less than that indicated in Table 9.1. A conductor passing through the box is counted as one
conductor, and each conductor terminating in the box is also counted as one conductor. A field-furnished
conductor for high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?).

Table 9.1
Size of junction boxes
I
Size of conductor Free space within box for each condchtor,
AWG (mm?) cubic inches (cmd)
16 or smaller (1.3 or less) 1.5 (24(6)
14 (2.1) 2.01(82:8)
12(3.3) 2:25 (36.9)
10(5.3) 2.5(41.0)
8(8.3) 3.0(49.2)

9.1.5 A knqgckout for connection of a field wiring systemto a terminal box or compartment shall
accommodat¢ conduit of the trade size determined by applying Table 9.2.

Table'9.2
Trade size of\eonduit in inches?
Wire size Number of wires
AWG (mm?) 2 3 4 5 6

14 (2.1) 1/2 12 12 12 12

12 (3.3) 12 1/2 12 3/4 3/4

10 (5.3) 12 12 12 3/4 3/4

8 (8.4) 3/4 3/4 1 1 1-1/4

6 (13:8) 3/4 1 1 1-1/4 1-1/4

4 (21.1) 1 1 1-1/4 1-1/4 1-1/2

3 (26.7) 1 1-1/4 1-1/4 1-1/2 1-1/2

2 (33.6) 1 1-1/4 1-1/4 1-1/2 2

1 (42.4) 1-1/4 1-1/4 1-1/2 2 2

0 (53.5) 1-1/4 1-1/2 2 2 2-1/2

2/0 (67.4) 1-1/2 1-1/2 2 2 2-1/2

3/0 (85.0) 1-1/2 2 2 2-1/2 2-1/2

4/0 (107.2) 2 2 2-1/2 2-1/2 3
@ This table is based on the assumption that all conductors will be of the same size and there will be no more than six conductors
in the conduit. If more than six conductors will be involved or if all of them are not of the same size, the internal cross-sectional
area of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectional area of the wires, based
on the cross-sectional area of type THW wire.

9.1.6 Wiring exterior to an appliance assembly between the burner assembly and a limit control, a
primary safety control, or a motor controller, that can be done readily with a wire enclosed in conduit or
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with metal-clad cable in accordance with the National Electrical Code, NFPA 70, need not be furnished by
the manufacturer as part of the appliance assembly if adequate instructions for installing such wiring are
furnished with each appliance assembly. See 9.1.4.

9.1.7 A box or enclosure, included as part of the assembly and in which a branch circuit supplying power
to the appliance assembily is to be connected, shall not require that it be moved for normal care of the unit.
This requirement does not apply to separate limit controls and stack switches, where permitted, to which
metal-clad cable or flexible metallic conduit is to be directly attached.

9.1.8 A box or enclosure in which field installed conductors are to be connected as indicated in 9.1.5 —
9.1.7, and 9.1.9 shall be so located that the temperature of conductors within the box or surfaces of the

box likely to

(60°C) temp

9.1.9 Exce
devices not 4§
located, shal

rature rating when the assembly is tested in accordance with these requiremen

bt as otherwise permitted by 15.3.1, wiring to be done in the field between the
ttached to the appliance assembly or between separate devices whigh’are field
conform to these requirements if done with a 140°F (60°C) rated\wire enclos

conduit or métal-clad cable.

9.1.10 The
control box,

in 9.1.1. If th
splice conne

wiring of the appliance may terminate in a length of flexible:metal conduit with
br equivalent enclosure intended for connection of the{product to the wiring sys
e conduit terminates in an outlet box larger than 4 by'4 by 2 inches (102 by 102
ction, locknuts on the fittings are not acceptable ‘as a means to prevent loo

ving a 140°F

ssembly and
installed and
ed in suitable

an outlet box,
tem specified
by 51 mm) for
sening of the

conduit fitting FPA 70, shall

be included

s. A grounding conductor of the size specified.inythe National Electrical Code, N
nless:

a) The total length of flexible metal conduit«f any ground return path in the produgt is not more

than ¢ feet (1.83 m);

b) Ng nore than 20

ampe

circuit conductor protected by-an overcurrent-protective device rated at n
res is included; and

c) Th  identified as

provid

b conduit is no larger than’' 3/4 inch trade size, or the fittings for the conduit arg
ing grounding.

9.2 Leads and terminals
9.2.1 Wirin

conductors d
marked ratin

) termipals or leads not less than 6 inches (152 mm) long for connection
f at least’the size required by the National Electrical Code, NFPA 70, corresp
j of'the assembly shall be provided.

bf field-wiring
onding to the

9.2.2 Leads may be less than 6 inches (152 mm) in length if it is evident that the use of a longer lead
might result in a risk of fire, electric shock, or injury to persons.

9.2.3 Leads intended for connection to an external circuit shall be provided with strain relief if stress on
the lead may be transmitted to terminals, splices, or internal wiring which may cause the lead to separate
from its termination or result in damage to the lead from sharp edges. Each lead shall be capable of
withstanding a pull of 10 pounds (44.5 N) for 1 minute without damage to the assembly.

9.2.4 An identified (grounded) terminal or lead shall not be electrically connected to a single-pole manual
switching device which has an OFF position or to a single-pole overcurrent (not thermal) protective device.

9.2.5 At terminals, stranded conductors shall be prevented from contacting other uninsulated live parts
and from contacting dead metal parts. This may be accomplished by use of pressure-terminal connectors,
soldering lugs, crimped eyelets, soldering all strands of the wire together, or equivalent means. An open
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slot-type connector shall not be used unless it is constructed to reduce the likelihood of disconnection
resulting from loosening of the clamping means. The shanks of terminal connectors shall be protected by
insulating tubing, or the equivalent, if the required spacings may be reduced as a result of loosening of the
clamping means. The thickness of the insulation on the shanks shall be not less than 0.028 inch
(0.71 mm).

9.2.6 Field wiring terminals shall be secured to their supporting surfaces by methods other than friction
between surfaces so that they will be prevented from turning or shifting in position if such motion may
result in reduction of spacings to less than those required. This may be accomplished by two screws or
rivets; by square shoulders or mortices; by a dowel pin, lug, or offset; by a connecting strap or clip fitted

into an adjacent part; or by some other equivalent means.

9.2.7 Condd
white or gray
other than wh
metallic-plate
terminals, or i

9.2.8 Leads
wire-binding
visible to the
or the leads 4

9.29 Termi
pressure ter

for 10 AWG (
clamps or w
equivalent, to

9.2.10 A wir
No. 10 (4.8 m

Exception No
not larger tha

Exception Ng
AWG (1.3 or

9.2.11 Ater
thickness for

ctors intended for connection to a grounded neutral line shall be identified, that
color. All other current-carrying conductors visible to the installer shall be-finis

1 coating, substantially white in color and shall be readily distinguishablg
t shall be identified in some other manner, such as on an attached. wiring diagrar

provided for spliced connections to an external high-voltage.circuit shall not be
Ecrews or pressure terminal connectors, located in the satme compartment as
nstaller, unless the screws or connectors are rendered unusable for field wiring
re insulated at the unconnected ends.

al parts by which field-wiring connections @re® made shall consist of soldg
inal connectors secured in place in accordance with the requirements in 9.2.5
5.3 mm?) and smaller wires, the parts tosWhich wiring connections are made m
re binding screws with cupped washers, terminal plates having upturned
hold the wire in position.

e binding screw at a high-voltage wiring terminal for field connection shall not be
m major diameter).

L 1: A No. 8 (4.2 mm.major diameter) screw may be used for the connection o
n 14 AWG (2.1 mmé).

. 2: A No. 6(3.5 mm major diameter) screw may be used for the connection
.82 mm?).entrol-circuit conductor.

Minal plate for a wire binding screw shall be of metal not less than 0.030 inch
h'44 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) in

is, finished a
hed in colors

ite, gray, or green. A terminal for connection of a grounded conductor shall'be identified by a

from other
n.

connected to
the splice or
connections

bring lugs or
, except that
ay consist of
lugs, or the

smaller than

f a conductor

bf a 16 or 18

0.76 mm) in
thickness for

a wire larger than 14 AWG (2.1 mm?); and in either case there shall be not less than two full threads in the

metal.

9.2.12 A terminal plate formed from stock having the minimum required thickness may have the metal
extruded at the tapped hole for the binding screw so as to provide two full threads.

9.2.13 A wire binding screw shall thread into metal.

10 Internal
10.1

10.1.1

Wiring

General

The wiring of high-voltage circuits shall conform to the requirements in this Section.
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10.1.2 Wiring shall be done with insulated conductors having current carrying capacity, voltage, and
temperature ratings consistent with their use. A conductor, other than an integral part of a component,
shall be not smaller than 18 AWG (0.82 mm?).

10.1.3 Except as indicated in 10.2.2, the wiring for each device assembly circuit shall be furnished by the
manufacturer as part of the burner assembily.

10.1.4 If insulated conductors rated for use at temperatures in excess of 140°F (60°C) are required, such
wiring shall be furnished as part of the assembly and the devices to be connected by such wiring shall be
factory-located on the equipment.

10.2 Meth

10.2.1 Eledtrical wiring to a part which must be moved for normal maintenance and“senvicing shall be
arranged so that the part may be moved without breaking soldered connections or-disconnecting conduit.
Conductors fo be disconnected from terminals of such part shall terminate in eyé€lets or conpectors. If the
wiring to a part which functions also as an access plate or cover, that is, a transformer closing the access
to the nozzld assembly, is not readily detachable, the assembly shall include, provision for support of that
part by mearis other than the wiring when the part is moved for servicing.*Any allowable movement of such
part shall noffunduly twist, bend, or pull the wiring.

10.2.2 Confuctors shall be enclosed within conduit, electricabhmetallic tubing, metal raceyay, electrical
enclosure, ol metal-clad cable, except as permitted by 10.2.15.

Exception: Factory wiring involving a potential of not mére than 300 volts between parts aftached to the
same assemply with a predetermined fixed relationship-one to the other may be done with Type SO or ST
cord, providgd all of the following conditions are fulfilled:

a) It ig not practical to do the wiring in accordance with 10.2.2;

b) The cord is not required ta be bent, twisted, or otherwise displaced to r¢nder normal
nance and service; and

c) The length of cord exterior to the assembly is not more than 4 inches (102 mm) and strain relief
is proyided.

10.2.3 Grouip A of Table:10.1 includes some wiring materials suitable for use if enclosed gs indicated in
10.2.2.

Table 10.1
Typical wiring materials

Type of wire, cord, or appliance wiring Wire size Insulation thickness
material with insulation thickness
shown at the right corresponding to )
Group wire sizes indicated AWG (mm?) Inch (mm)
10 and smaller (5.3) 2/64 (0.8)
FFH-2, TF, TFF, TFN, TFFN, SF-2, SFF-
2, RH, RHH, RHW, T, THW, XHHW, 8 @8.3) 3/64 (1-2)
A MTW, THWN, TW, PF, PFF, PGF, PGFF, 6 (13.3) 4/64 (1.6)
RFH-2, RFHH-2, RFHH-3 or 21 16
thermoplastic appliance wiring material. 4 (21.2) 4/64 (16)
3 (25.7) 4/64 (1.6)

Table 10.1 Continued on Next Page
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Table 10.1 Continued
Type of wire, cord, or appliance wiring Wire size Insulation thickness
material with insulation thickness
shown at the right corresponding to )
Group wire sizes indicated AWG (mm®) Inch (mm)
2 (33.6) 4/64 (1.6)
1 (42.4) 5/64 (2.0
1/0 (53.5) 5/64 (2.0)
2/0 (67.4) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
70 (T07.0) 5764 (2.0)
18 (0.82) 4/64 (1.8)
16 (1.3) 4/64 (1.6)
SE(Q, SEOO, SJE, SJEO, SO, ST, SJO
g 3 3 ) 3 ) 3 21 20
SJT| S, SE, SJ, SJOO, SJTO, SJTOO, 4 @1 By 20
B SOQ, STO, STOO, or appliance wiring 12 (3.3) 5/64 (2.0)
matgrial with thermoplastic or neoprene
insulation 10 (6.3) 5/64 (2.0)
8 (8.3) 6/64 (2.4)
6 (13:8) 8/64 (3.2)
Thermoplastic iring materials, as referenced in group A, with insulation thickness of 2/64 inch (0.8 mm) for 16 or 1¢ AWG (1.3 or
0.82 mm?) and /64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or.8.3'mm?), are considered equivalent to the wiring

material referer
tubing of a type]
flammability, an

suitable for the purpose from the standpoint of dielectric preperties, heat resistance, moisture-resist
d the like.

ced in group B, when the conductors are covered with 1/32 ineh (0.8 mm) wall thickness thermoplastic insulating

ance,

10.2.4 Flexi
This does not

10.2.5 Flexi
(1.37 m) and

inches (914 mm) where flexibility is necessary.

10.2.6 Al s
connection s
connection m

10.2.7 A sp
permanence

ble metal conduit, if used, shall be:rot smaller than 3/8 inch (9.5 mm) electric
apply to parts of components, such-as conduit protecting flame sensor leads.

ble metal conduit shall be mechanically secured at intervals not exceedin
within 12 inches (305 min)'on each side of every junction box except for length

blices and connections shall be mechanically secure and bonded electrically
nall be made.mechanically secure before being soldered if breaking or loos
ay result inxisk of fire, electric shock, or injury to persons.

ice_shall be provided with insulation equivalent to that required for the wirg
pf.spacing between the splice and other metal parts is not ensured.

8l trade size.

g 4-1/2 feet
5 not over 36

. A soldered
ening of the

s involved if

10.2.8 A splicing device, such as a fixture-type splicing connector, pressure wire connector, and the like,
may be employed if the device has insulation suitable for the voltage to which it is subjected.
Thermoplastic tape wrapped over a sharp edge is not acceptable.

10.2.9 Each splice shall be enclosed by being installed in a junction box, control box, or other

compartment

in which high-voltage wiring materials may be employed.

10.2.10 Splices shall be located, enclosed, and supported so that they are not subject to damage,
flexing, motion, or vibration.

10.2.11

A splice is considered to be adequately enclosed when installed in a junction box, control box, or

other enclosed compartment in which wiring materials, as specified in Group A of Table 10.1, may be
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employed. Splices in enclosed machinery compartments are to be secured to a fixed member in the
compartment so that they are not subject to movement or damage during servicing.

10.2.12 At all points where conduit or metal tubing terminates, the conductor shall be protected from
abrasion. If metal-clad cable is used, an insulating bushing or its equivalent shall be provided between the
conductors and the metal cladding, and the connector or clamp shall be of such design that the insulating
bushing or its equivalent will be visible for inspection.

10.2.13 A wireway shall be such that the interconnection of sections and fittings will provide a rigid
mechanical assembly and ensure electrical conductivity. The interior of the wireway shall be free from
burrs and sharp corners or edges which might cause damage to the insulation on wires.

10.2.14 Allwiring shall be supported and routed to prevent damage due to sharp edges.orrmoving parts.
10.2.15 Co

the wiring is

rds or appliance wiring material as referenced in Group B of Table 10.1 may b
bnclosed by a casing or compartment conforming to all of the following:

e employed if

a) Th

bre are no openings in the bottom, unless a U-shaped channel or trough is |OCj:ed under the
wiring

and the wires do not project through the plane of the top of the trough or chann

’

tom of such
vel;

b) If
comp|

the appliance is for installation only on noncombustible flooring, the bo
artment may be open provided all sides of the compartment extend to the floor I

c) Lodivers or openings in other than the bottom will not\permit entrance of a rod havi
of 1/2inch (12.7 mm), and openings for such items as’pipe or conduit are not more th
diameter larger than the object that will be installedthrough the opening;

ng a diameter
an 1/2 inch in

ers or baffles

compartment
is sefdarated from such wiring material.

10.2.16 With reference to 10.2.15(e), plastic materials shall be classified as Type V-0, V-1,
or HF-2 in agcordance with requirements in the Standard for Tests for Flammability of Plastig
Parts in Dgvices and Appliances, UL 94, and other nonmetallic materials shall ha

/-2, 5V, HF-1,
Materials for
e equivalent

characteristi¢s.

10.2.17 Coyds and\other wiring material permitted in accordance with 10.2.15 shall be arra
being physically, damaged, such as by closely following surfaces, and shall be supported
where requirgd, shall be provided.

hged to avoid
Strain relief,

10.2.18 Holes in walls or partitions through which insulated wires or cords pass and on which they may
bear shall be provided with smoothly rounded bushings or surfaces upon which the wires or cords may
bear, to prevent abrasion of the insulation. Bushings, if required, shall be ceramic, phenolic, cold-molded
composition, fiber, or equivalent material.

10.2.19 A fiber bushing shall be not less than 3/64 inch (1.2 mm) in thickness, shall be so located that it
will not be exposed to moisture, and shall not be employed where it will be subjected to a temperature
higher than 194°F (90°C) under normal operating conditions.

10.2.20 To provide an acceptable unbushed opening in sheet metal, not requiring a bushing, usually
requires roll or extrusion of the metal around the opening, or both, or the insertion of a grommet
conforming to 10.2.18.
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10.3 Short-circuit protection

10.3.1

Conductors of motor circuits having two or more motors, one or more of which are thermal or

overcurrent protected and wired for connection to one supply line shall withstand the conditions of a short-
circuit test without creating a risk of fire or electric shock. See Short-Circuit Test, Section 61.

Exception: Conductors that conform to the following are considered acceptable without test:

a) Conductors that have not less than one-third the ampacity of the required branch-circuit
conductors; or

b) Conductors that are 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.2 m) in length

provi

or lesg as specified on the product nameplate or provided as part of the product and’a
branch-circuit protection. This applies to any of the wiring materials specified-in t

includ,|

c) Co
not ex|

10.3.2 Fact
insulation, SH
insulation of
compartment

11 Separati
11.1  Unless|
internal wirin
separated or

parts of the same circuit.

11.2  Segred
means which

11.3 Field-in

a) Fig
condu

b) Uni

|

d that the circuit will be protected by a fuse or HACR Type circuit breaker rateq

ng those enclosed those enclosed in raceways; or

ductors that serve as jumper leads between controls providing the‘\length of th
ceed 3 inches (76 mm) or the conductors are located in a contral panel.

bry wiring of a low-voltage safety circuit may be done with SP-2 cord having
PT-2 cord or appliance wiring material having neoprene, thermoplastic, or eq
equivalent thickness, or power limited circuit cablg, if such wiring is located i
of an appliance and is adequately shielded frontharm.

on of Circuits

provided with insulation for the highest voltage involved, insulated conductor
j circuits shall be separated by-barriers or shall be segregated; and shal
segregated from uninsulated live parts connected to different circuits or opp

ation of insulated conductors may be accomplished by clamping, routing,
provides permanent.separation from insulated or uninsulated live parts of a diffe

stalled conductors of any circuit shall be segregated or separated by barriers frg

Id-installed and factory-installed conductors connected to any other circuit
ctors.of\both circuits are insulated for the maximum voltage of either circuit;

hsulated live parts of any other circuit; and

60 amperes

cceptable for
his standard,

e leads does

all-neoprene

Lally durable
h a cavity or

s of different

also be so
osite-polarity

br equivalent
rent circuit.

m:

unless the

¢) Any uninsulated live parts whose short-circuiting may permit operation of the appliance that may
result in a risk of fire, electric shock, or injury to persons except that a construction in which field-
installed conductors may make contact with wiring terminals is acceptable, provided that
conductors having insulation at least equivalent to those referenced in group A of Table 10.1 are or

will be

installed when wired in accordance with the National Electrical Code, NFPA 70.

11.4 Segregation between field installed conductors and from uninsulated live parts connected to
different circuits may be accomplished by arranging the location of the openings in the enclosure for the
various conductors, with respect to the terminals or other uninsulated live parts, so that there is no
likelihood of the intermingling of the conductors or parts of different circuits. If:

a) The number of openings in the enclosure does not exceed the minimum required for proper
wiring and if each opening is located opposite a set of terminals, it is to be assumed, for the
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purpose of determining compliance with 11.3, that the conductors entering each opening will be
connected to the terminals opposite the opening.

b) More than the minimum number of openings are provided, the possibility of conductors entering
at points other than opposite the terminals to which they are intended to be connected and
contacting insulated conductors or uninsulated live parts connected to a different circuit is to be
investigated

11.5 To determine if an appliance complies with the requirements of 11.3, it is to be wired as it would be
in service and in doing a reasonable amount of slack is to be left in each conductor within the enclosure,
and no more than average care is to be exercised in stowing this slack into the wiring compartment.

11.6 If a b
operating pa
place.

11.7 A met

whichever applies, based on the size of the barrier. A barrier of insulating material shall be

0.028 inch (
accomplishe
1/16 inch (1.4

11.8 Openi
diameter and
which will ne

surface whefever an insulated wire may be in contact'with it; and the area of any such ope

closure rema

11.9 Openi
diameter and
which will ne

surface whefever an insulated wire may be in contact with it; and the area of any such ope

closure remdg

11.10 Two
provided as

wiring compartment, and\the output of each circuit shall be marked to warn that the separ

maintained.

12 Bondin

arrier is used to provide separation between the wiring of different circuits
ts and field installed conductors, it shall be of metal or insulating material and's

bl barrier shall have a thickness at least as great as that required by Table 8.1

or between
hall be held in

or Table 8.2,

D.71 mm) in thickness and shall be of greater thickness if its“deformation m
b mm) wide.

ngs in a barrier for the passage of conductors shall be not larger than 1/4 inc
shall not exceed in number, on the basis of one opening per conductor, the nu

ed to pass through the barrier. The closure for any other opening shall pres

ved, shall not be larger than required forithe passage of the necessary wires.
ngs in a barrier for the passage of conductors shall be not larger than 1/4 inc
shall not exceed in number, on\the basis of one opening per conductor, the nu

ed to pass through the bartier. The closure for any other opening shall pres

ved, shall not be larger than required for the passage of the necessary wires.

or more transformer devices supplying circuits classified as Class 2, low-v(
h part of the appliance shall be treated as two separate circuits each having its

j-for Grounding

not less than
ay be readily

1 so as to defeat its purpose. Any clearance at the edges of a barrier shall be not more than

h (6.4 mm) in
mber of wires
ent a smooth
ning, with the

h (6.4 mm) in
mber of wires
ent a smooth
ning, with the

Itage circuits
pwn separate
ation shall be

121

Exposed or accessible noncurrent carrying metal parts which may become energized, and which

may be contacted by the user or by service personnel during service operations likely to be performed
when the appliance is energized, shall be electrically connected to the point of connection of an equipment

ground.

12.2 Except as indicated in 12.3, uninsulated metal parts of cabinets, electrical enclosures, motor frames
and mounting brackets, controller mounting brackets, capacitors and other electrical components,
interconnecting tubing and piping valves, and the like, are to be bonded for grounding if they may be

contacted by

the user or serviceman.

12.3 Metal parts, as described below, need not be grounded:


https://ulnorm.com/api/?name=UL 2790 2024.pdf

32

UL 2790

APRIL 2, 2024

a) Adhesive-attached metal-foil markings, screws, handles, etc., which are located on the outside
of enclosures or cabinets and isolated from electrical components or wiring by grounded metal

parts;

b) Isolated metal parts, such as magnet frames and armatures, small assembly screws, and the,

which

are separated from wiring and uninsulated live parts;

c) Panels and covers which do not enclose uninsulated live parts if insulated parts and wiring are
separated from the panel or cover; or

d) Panels and covers which are insulated from electrical components and wiring by an attached
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material not

less th

124 A com

conductor no
12.5 Splices

12.6 Metal
grounding.

12.7 A sepd
metal parts in
or equivalent

a) Be
enclog

b) Nof
unless
fasten

128 The b
connection, o
than 850°F (

an1/32 inch ‘“8 mm) thick.

requiring removal for such service.
shall not be employed in wire conductors used for bonding.

o-metal hinge bearing members may be considered, as_a means for bondin

rate bonding conductor shall be of material rated:for use as an electrical condy
the grounding path shall be protected against.corrosion by enameling, galvan
Imeans. A separate bonding conductor or strap shall:

protected from mechanical damage, such as by being located within the confine
ure or frame; and

be secured by a removable fastener used for any purpose other than bonding 1

er.

pnding shall be py,\a positive means, such as by clamping, riveting, bolted
r by welding, soldetring, or brazing with materials having a softening or melting

12.9 A con

acceptable ifTit complies with 12.11 under any degree of compression permitted by a varia

ection that depends upon the clamping action exerted by rubber or similar

bonent, such as a switch, likely to become separated from its normal grounding means for
purposes of festing or adjustment while the equipment is energized, is to be proyided with

a grounding

g a door for

ctor. Ferrous
zing, plating,

5 of the outer

or grounding

the bonding conductor .js(unlikely to be omitted after removal and replacgment of the

or screwed
point greater

154°C). The ‘bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.

materials is
ble clamping

device and if the results are still acceptable after exposure 1o the effects of oil, grease, moisture, and
thermal degradation which are likely to occur in service. The effect of assembling and disassembling, for
maintenance purposes, such a clamping device is to be considered with respect to the likelihood of the
clamping device being reassembled in its intended position.

1210 Where the bonding means depend on screw threads, two or more screws or two full threads of a
single screw engaging metal is considered in compliance with 12.8.

12.11

If the adequacy of a bonding connection cannot be determined by examination, or if a bonding

conductor is smaller than required by 12.12 — 12.14, it shall be considered acceptable if the connecting
means does not open:

a) When carrying for the time indicated in Table 12.1 twice the current equal to the rating of the
branch-circuit overcurrent device required to protect the equipment; and
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b) During a short-circuit test in series with a fuse of proper rating. See Short-Circuit Test, Section
61.

Table 12.1
Duration of current flow, bonding-conductor test

Rating of overcurrent device, Minimum duration of current flow,
Amperes minutes
30 or less 2
31-60 4
61-100 6
101 -200 8

12.12 The $ize of a conductor or strap employed to bond an electrical enclosure ©r, motor frame shall be
based on th¢ rating of the branch-circuit overcurrent device to which the equipment will Qe connected.
Except as indlicated in 12.11, the size of the conductor or strap shall be in accordance with Taple 12.2.

Table 12.2
Bonding wire conductor size
Size of bonding conductor?
Copper wire Aluminum wire
Ratiing of overcurrent device, amperes AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.3)
40 10 (5.3) 8 (8.3)
60 10 (5.3) 8 (8.3)
100 8 (8.3) 6 (13.3)
200 6 (13.3) 4 (21.2(
@ Or equivalen{ cross-sectional area.

12.13 A bopding conductor to a component or electrical enclosure is not required to be Igrger than the
size of the cqnductars supplying power to the component(s) within the enclosure.

12.14 If more than one size of branch-circuit overcurrent device is involved, the size of the bonding
conductor is to be based on the rating of the overcurrent device intended to provide ground-fault protection
for the component bonded by the conductor. For example, if a motor is individually protected by a branch-
circuit overcurrent device smaller than other overcurrent devices used with the equipment, a bonding
conductor for that motor is sized on the basis of the overcurrent device intended for ground-fault protection
of the motor.

12.15 The following are considered to constitute means for connection to a ground:

a) In equipment intended to be connected to a metal-enclosed wiring system — A knockout or
equivalent opening in a metal enclosure intended to receive the power-supply system; and

b) In equipment intended to be connected by a nonmetal-enclosed wiring system, for example,
metal-clad cable — An equipment grounding terminal or lead.
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12.16 A terminal for connection of an equipment-grounding conductor shall be capable of securing a
conductor of the size required for the particular application, in accordance with the National Electrical
Code, NFPA 70.

12.17 A soldering lug, a push-in (screwless) connector, or a quick-connect or similar friction fit connector
shall not be used for the terminal for the field installed grounding conductor.

12.18 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green colored head that is hexagonal, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be identified by being marked "G", "GR", "GROUND",
"GROUNDING", by the symbol in Figure 12.1, or by a marking on a wiring diagram provided on the
equipment. The wire-binding screw or pressure wire connector shall be secured to the frame or enclosure
and shall be go located that it is unlikely to be removed during normal servicing. At a wirexb[nding screw,
upturned lugq, or the equivalent, shall be provided to retain the conductor. If a pressure-Connector is used
adjacent to the connectors intended for the supply conductors and if it could be mistaken for the neutral of
a grounded dupply, a marking shall be additionally provided indicating "EQUIPMENT GROUND" and/or
identifying thg connector by a green color.

Figure 12.1

Grounding symbol

12.19 The surface of an insulated lead intended for the connection of an equipment-grounding conductor
shall be finished-continuous green color or a continuous green color with one or more yellow stripes, and
no other lead visible to the installer shall be so identified.

13 Mounting of Electrical Components

13.1 A switch, fuseholder, lampholder, or similar electrical component shall be mounted to prevent it from
turning, except as noted in 13.2 and 13.3.

13.2 The requirement that a switch be prevented from turning may be waived if all of the following
conditions are met:

a) The switch is of a plunger or other type that does not tend to rotate when operated. A toggle
switch is considered to be subject to forces that tend to turn the switch during normal operation of
the switch;
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b) The means for mounting the switch makes it unlikely that operation of the switch will loosen it;

¢) The spacings are not reduced below the required values if the switch rotates; and

d) The normal operation of the switch is by mechanical means rather than by direct contact by

perso

ns.

13.3 A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or indicator
light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if rotation
cannot reduce spacings below the required values.

13.4 The means for preventing turning is to consist of more than friction between surfaces. A toothed

lock washer
preventing 3
turning.

13.5 Unins
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acceptable v
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enclosure of a motor shall have no openings which will permit a drop of liquid
lly onto the motor, to enter the motor as applied to the assembly.

ombination of two or more such tems, and is to be determined with the motor
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btor unless:

b structural parts of the motor or the burner such as the bottom closure, provide 1
h a barrier; or

he means for
means from

they will be
ngs below the

, or a particle
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Rat no burning

insulation or molten material falls to the surface that supports the appliance when the motor is
energized under each of the following fault conditions, as applicable to the particular type of motor:

1) Open main winding;
2) Open starting winding;
3) Starting switch short-circuited; and

4) Capacitor shorted, permanent split capacitor type; or

c) The motor is provided with motor protector in accordance with Motor Overload Protection,
Section 14.2, that will prevent the temperature of the motor windings from becoming more than
275°F (125°C) under the maximum load below which the motor will run without causing the
protector to cycle and from becoming more than 302°F (150°C) with the rotor of the motor locked.
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d) The motor complies with the requirements for impedance-protected motors, see 14.2.5, and the

motor winding will not exceed a temperature greater than 302°F (150°C) during the first 72 hours of
operation with the rotor of the motor locked.

14.1.5 The barrier mentioned in 14.1.4 shall be horizontal, and have an area not less than that described
in that illustration. Openings for drainage, ventilation, and the like, may be employed in the barrier provided

that such openings would not permit molten metal, burning insulation, or the like to fall on combustible
material.

Figure 14.1

Loc

LOCATION AND EXTENT OF BARRIER

r \<\\\\\\\\\\\\\\\\\\\\\\\W\ N
&

- N

%%
7,

)

EB100 C/\/

A — Motor winding to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise shielded, and is to
consist of the unshielded portion of a motor winding which is partially shielded by the motor enclosure or equivalent.
B — Projection of outline of motor winding on horizontal plane.

N
N

C —Inclined line which traces out minimum area of the barrier. When moving, the line is to be always:
1) tangent to the motor winding,

2) 5 degrees from the vertical, and

3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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14.1.6 A motor shall be designed for continuous duty as indicated by the designation "CONTINUOUS" or
"CONT" on the nameplate.

14.1.7 Motors shall comply with the Standard for Rotating Electrical Machines — General Requirements,

UL 1004-1.
14.2 Motor

14.2.1
protected by

Overload Protection

the largest size fuse which can be inserted in the fuseholder.

Fuses shall not be used as motor overload protective devices unless the motor is adequately

1422 Inn
device resulf
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protective de

14.2.3 Autd
to the motor
the equipme
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fuel that may result in a risk of fire or injury to persons. If a burner depends s
ve to stop the flow of fuel to the burner, the interruption of the circuit to the
vice shall also cause the interruption of the circuit to the valve.

matic-reset type protective devices shall not be used if the automatic reclosing
by the device may result in a risk of fire, electric shock, or injury'to persons durin
nt.

Fcurrent protective devices and thermal protective “devices for motors shall
ort-circuit requirements for the class of protective device and shall, in addition
bnts of the Short-Circuit Test, Section 61.

ngle-phase motors shall be protected by one or more of the following:

separate device responsive to mator current and rated or set to trip at not n
ntage of the motor nameplate full-load current rating as specified in Table 14.1.

ction and is responsive to motor current. Such a device shall be set at values ng

thermal proteetive device or impedance protection complying with the
eating Protection for Motors, UL 2111. If a motor protective electronic cir
bre as a_protective component, that part of the software providing the rg
ction shall~comply with software Class 1 in the Standard for Software in H
onents; UL 1998 or software Class B in Annex H of the Standard for Autom
pls\for Household and Similar Use, Part 1: General Requirements, UL 60730-1.

al protective
ipment or the
blely upon an
motor by the
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j operation of

comply with
, comply with

hore than the

separate overload device{_which combines the functions of overload and overcurrent

t greater than

Standard for
cuit relies on
quired motor
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atic Electrical

d) Impedance protection complying with the Standard for Impedance Protected Motors, UL 1004-2.

Exception: Impedance protection may be accepted for motors which are determined to be
adequately protected against overheating due to locked-rotor current, provided it is determined that

the m

otor will not overheat under the performance requirements of this standard.

e) A protective device integral with the motor that complies with the Standard for Thermally
Protected Motors, UL 1004-3. A motor intended to move air only, by means of an air-moving fan
that is integrally attached, keyed, or otherwise fixed to the motor, is required to have locked-rotor
protection only.

f) Protective electronic circuits integral to the motor that comply with the Standard for Electronically
Protected Motors, UL 1004-7.

g) Protective electronic circuits that comply with 14.2.7.
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h) Other protection that is shown by test to be equivalent to the protection specified in (a) to (g).
14.2.6 In reference to 14.2.5(a) and (b), if the percentage protection specified in Column A of Table 14.1

does not correspond to the percentage value of an overload device of a standard size, the device of the
next higher size may be used. However, the device of the next higher size shall provide protection no

higher than th

at indicated in Column B of Table 14.1.

Table 14.1
Overload relay size

Maximum percentage protection
A B
Motor with a marked service factor no 125 140
less than 1.15
Motor with a marked temperature rise no 125 140
more than 72°H (40°C)
Any other moto| 115 130
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Table 14.2
Factors for Judging Protective Electronic Circuits

1 Conducting failure-mode and effect analysis (FMEA) for the
protective circuits and functions.

2 Electrical supervision of critical components resulting in the
control becoming permanently inoperative and disconnecting
power.

3 Temperature ranges as follows:

Indoor Equipment: 32.0 +3.6°F (0.0 +2°C) and 104 +3.6°F
(40.0 £2°C)

Outdoor Equipment: -31.0 +3.6°F (—=35.0 £2°C) and 104
+3.6°F (40.0 £2°C)

4 Cycling test duration: 14 days

Endurance test duration: 100,000 cycles

6 Radio-frequency electromagnetic\field immunity|
A. To conducted disturbances®  test level 3

B. To radiated electromagnetic fields — field strefgth of 3 V/m

7 Humidity exposure:

Indoor Equipmernit: 70 — 80°F (21.1 — 26.7°C) gnd minimum
50 percent relative humidity

Outdoor'Equipment: minimum 98 percent relafive humidity

8 Electrical fast transient/burst immunity:
Qutdoor Equipment: test level 4

For all equipment other than outdoor use: test level 3

9 Surge immunity?®:
Outdoor Equipment: - installation Class 4

For all equipment other than outdoor use: ingtallation Class
3

10 Electrostatic Discharge® with a Severity Level of|3 having
contact discharge at 6 kV to accessible metal pgrts and Air
discharge at 8 kV to accessible parts of insulating material

@ The noted fagtors are exempt frgm being considered when requirements from Standard for Tests for Safety-Relatgd Controls
Employing Sol|d-State DevicesyUL"991, are applied

14.2.9 Thrge-phase-motors shall be protected by:

a) Three)properly rated overcurrent units, each complying with the applicable retpuirements of
14.2.5through 14.2.8; or

b) Thermal protectors, combination of thermal protectors and overcurrent devices, or equivalent
methods of protection may be employed where the specific protective arrangement has been
investigated and found to provide proper protection under primary single-phase failure conditions
when supplied from transformers connected wye-delta or delta-wye. Assemblies so investigated
shall be marked to indicate that the motor is protected under primary single-phase conditions. This
marking may be a paper sticker, decal, or an attached wiring diagram.
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15 Overcurrent Protection of High-Voltage Control-Circuit Conductors

15.1 General

15.1.1  For the purpose of the requirements in 15.2.1 — 15.4.2, a control circuit is one that carries electric
signals to operate a controller that, in turn, governs power delivered to a motor or other load in the product.
A control circuit does not carry main-power current. If a control circuit is supplied through a transformer
provided as part of the product, see Overcurrent Protection of Transformers, Section 14, for additional
requirements.

15.2 Direct-connected high-voltage control circuit

15.2.1 Fort
is supplied frg
It is not tappq
within the pro

15.3 Tappe
15.3.1
tapped within

a circuit shall

15.3.2 A hig

control equipinent enclosure shall be protected as specified in Column A of Table 430-72(b) o

Electrical Cog

15.3.3 Atar
rating of the 0

Exception No
m) long betw
rated 60 amp

Exception Ng
withstand shd

Exception Ng
overcurrent p

For the purpose of these requirements, a tapped high-voltage control circuit is a

he purpose of these requirements, a direct-connected high-voltage control girey
m a branch circuit separate from a branch circuit that supplies other loadswithin
d from the load side of the overcurrent device or devices of the controlled circ
duct. See 77.11.

i high-voltage control circuits

the burner on the load side of the overcurrent device-er.devices for the controlle
be protected in accordance with 15.3.3 — 15.4.2.

h-voltage control circuit that is tapped from the“main power circuit at a point g
e, NFPA 70.

ped high-voltage control-circuit conductor shall be provided with overcurrent pr|
vercurrent-protective device shall-hot exceed the value specified in Table 15.1.

1: A 18, 16, or 14 AWG [0.82, 1.3, or 2.1 mm?) conductor that is not more th
ben points of opposite polarity may be protected by a fuse or an HACR Type ¢
bres or less.

. 2:  An overcufrent-protective device of a higher rating may be used if th
rt-circuiting when tested as specified in 61.9.

. 3: SA*lead that is not more than 12 inches (305 mm) long need not be f
rotection.

it is one that
the product.
uit or circuits

Circuit that is

d load. Such

utside of the
the National

btection. The

hn 4 feet (1.2
rcuit breaker

b conductors

rovided with

Exception No. 4: A control-circuit conductor, supplied from the secondary of a single-phase transformer
that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device located in the primary side of the transformer if:

a) This protection is in accordance with the requirements specified in Overcurrent Protection of
Transformers, Section 14, and

b) The rating of the device does not exceed the applicable value specified in Table 15.1 multiplied

by the

ratio of secondary-to-primary rated transformer voltage.
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Table 15.1
Overcurrent protective device rating for control circuit conductors
Minimum rating of overcurrent protective device, amperes
Tapped control-circuit conductor, Conductors contained in control Conductors extending beyond
size, equipment enclosure control-equipment enclosure
AWG (mm?) Copper Aluminum? Copper Aluminum?
18 (0.82) 25 - 7 -
16 (1.3) 40 - 10 -
14 (2.1) 100 - 45 -
12 (3.3) 120 100 60 45
10 (5.3) 160 140 90 75
Lprger than 10 b b c ¢
2 Includes coppper-clad aluminum.
b 400 percent df value specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NFPA 70.
¢ 300 percent gf value specified for 60°C conductors in Table 310-16 of National Electrical Cade, ANSI/NFPA 70.

15.4 Overd

15.4.1

shall be provided as part of the product. If a fuse is used, the product shall be marked in ac

77.9.

Exception: The overcurrent device or devices need not be provided as part of the product if,
marked rating of the product, the rating of the brafich-circuit overcurrent-protective device or
not exceed the values specified in Table 15.1.

15.4.2 Aco
a) Be
b) Be
c) Ha

The device
an acceptabl

urrent-protective devices

ntrol-circuit overcurrent-protective device shall:
provided for all ungrounded conductors;
of a size in accordance with the requirements in 15.3.3; and

Ve a voltage.rating not less than the circuit in which it is used.

hall be.a-circuit breaker or a fuse that is acceptable for branch-circuit protection
e fuserare a Class CC, G, H, J, K, L, or R cartridge fuse and a Type S plug fuse.

Overcurrent protection for a tapped high-voltage contfal-Circuit conductor, as requited by 15.3.3,

tordance with

based on the
devices does

Examples of

Exception: If the control circuit is tapped from a circuit supplying other loads in the product, a device used
for overcurrent protection may be of the supplementary type provided it has a short-circuit rating
acceptable for the circuit in which it is used. See Table 61.1. If the supplementary device used is a fuse,
the product shall be marked in accordance with 77.10.

16 Overcurrent Protection of Transformers

16.1

16.1.1

High-voltage transformers — General

transformer and shall:

A transformer, other than as described in 16.4.1 and 16.4.2, is considered to be a high-voltage

a) Be provided with thermal-overload protection in accordance with the requirements in 16.2.1; or
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b) Be protected by an overcurrent device or devices in accordance with the requirements in 16.3.1;
or

Exception No. 1: This requirement is not applicable to an interchangeable ignition transformer that has
been investigated in accordance with the requirements for ignition transformers in the Standard for
Specialty Transformers, UL 506.

Exception No. 2: This requirement is not applicable to high voltage transformers complying with the
requirements in the Burnout Test, High-Voltage Transformers, Section 55 of the Standard for Commercial-

Industrial Gas Burners, UL 295.

16.2 High-v

16.2.1 If a

shall be arra
under overlog
Overload Tes

Exception: If
testisto be ¢
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requirements
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oltage transformers —Thermal protection

nged to interrupt primary current and shall limit temperatures of the.transforr
d conditions to those acceptable for the class of insulation employed-in the w
, High Voltage Transformers, Section 62.

he thermal-overload-protective device provided is a nonrenewable thermal cut
bnducted in place of the overload test. See Burnout Test, High-Voltage Transforr

ermal cutoff shall comply with the requirements in the Standard for The
5 and Application Guide, UL 60691. A manuallyer automatically reset thermal p|
urance rating of not less than 6000 cyclés and shall comply with the requ
temperature-limiting controls in the Standard for Temperature-Indicating and
L 873. Compliance with the Standard-for Automatic Electrical Controls for Hd
Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 stand
es fulfills these requirements.

oltage transformers — Overcurrent protection

overcurrent device\ that protects a high-voltage transformer shall com
specified in 16.32,)16.3.3 and 16.5.1 — 16.5.3.

h-voltage transformer shall be protected by an overcurrent device, or devices, t
circuit-and that is rated or set as indicated in Table 16.1 for the primary. Se

high-voltage transformer is provided with a thermal-overload-protective devicg, the device

ner windings
indings. See

Dff, a burnout
ners, Section

rmal-Links —
rotector shall
irements for
-Regulating
usehold and
ard from the

bly with the
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e 16.3.3 and

Table 16.1
Maximum rating of transformer overcurrent protective device

Maximum rating of overcurrent device, percent of transformer current rating,
Rated primary or secondary current, when In:
amperes Primary Secondary
Less than 2 300 167
2 or more, less than 9 167 167
9 or more 125° 125°

@Does not apply to an autotransformer; may be increased to 500 percent if transformer supplies a motor control circuit.

b If 125 percent of the current does not correspond to the standard rating of fuse or circuit breaker, the next highest standard rating
may be used. For the purpose of this requirement, standard ratings are 1, 3, 6, 10, 15, 20, 25, 30, 35, 40, 45, 50, and 60 amperes.
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16.3.3 If the circuit supplying a transformer is provided with overcurrent protection rated or set at not
more than 250 percent of the rated primary current of the transformer, additional overcurrent protection is
not required in the primary circuit provided the secondary circuit is protected by a protective device rated
or set as indicated in Table 16.1 for the secondary.

16.4 Low-voltage transformers — General

16.4.1 Except as specified in 16.4.2, a transformer having a rated output of not more than 30 volts and
1000 volt-amperes (Class 1, power-limited circuit) shall be protected by an overcurrent device, or devices,
located in the primary circuit. The overcurrent device, or devices, shall be rated or set at not more than 167

percent of the primary current rating of the transformer. See 16.5.1.

16.4.2 A transformer that directly supplies a Class 2 circuit shall, in accordance with the re
the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085<thand

for Low Volt
output curre
(noninherent

16.5 Low-\

16.5.1 Ove
need not be
branch-circu
16.4.1, as ap

16.5.2 Ove

provided as part of the appliance. If a fuse is used,the appliance shall be marked in accordar

16.5.3 Are
a) Be
b) Be

c) Ha

The device s

of an acceptable fusé are a Class CC, G, H, J, K, L, or R cartridge fuse and a Type S plug fus

Exception: If|

ge Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3, ¢
nt (inherently-limiting transformer) or be equipped with an overcurfent devic
y-limiting transformer).

oltage transformers — Overcurrent protective devices

rcurrent protection in the primary circuit of a transformeér, as described in 16.3.

quirements in
the Standard
ither limit the
2, or devices

I~

2 and 16.4.1,

brovided as part of the product if, based on the marked rating of the product, th
t overcurrent-protective device, or devices, does not exceed the values specifie
plicable.

rcurrent protection in the secondary circuit of a transformer, as required by 1{

nuired transformer overcurrent-ptotective device provided as part of the product
provided for all ungrounded:conductors;
of a size in accordance with the requirements in 16.3.2 — 16.4.1, as applicable;

Ve a voltage rating-not less than the circuit in which it is used.

hall be a.circuit breaker, or a fuse, that is acceptable for branch-circuit protecti

a.fransformer supply is tapped from a circuit supplying other loads in the produdg

b rating of the
din 16.3.2 or

5.3.3 shall be
ce with 77.9.

shall:

bn. Examples
e.

t, a fuse used

for overcurr

Tt protection may be of the supplermentary type provided that the fuse has

short-circuit

rating acceptable for the circuit in which it is used. See Table 61.1. The product shall be marked in
accordance with 77.10.

17 Switches and Controllers

17.1

more than one motor intended for connection to the same power supply.

A controller(s) for controlling the loads involved shall be provided for all assemblies incorporating

Exception: A controller (s) for controlling the loads involved shall be provided for all assemblies
incorporating more than one motor intended for connection to the same power supply.

17.2 Motor controllers shall be arranged so that they will simultaneously open a sufficient number of
ungrounded conductors to interrupt current flow to the motor.
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17.3 A single controller may control more than one motor if the controller is rated for the combined load
controlled. The assembly shall be marked in accordance with 77.12 if the same controller contacts handle
a remote motor(s) in addition to the motor(s) in the unit containing the controller.

17.4 A controller or switch shall be rated for the load that it controls. The load controlled is to include any
load external to the assembly for which connections in the controller or switch circuit are provided.

17.5 A controller that may be called upon to break a motor load under locked-rotor conditions shall have

a current-interrupting capacity not less than the locked-rotor load of the motor controlled.

17.6
endurance t

stunderlocked-rotorconditions—without-malfunction—Fhe—endurance—test i

If the controller is cycled by the operation of an automatic-reset overload device, it is to withstand an

to be of a

duration equi
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cked-rotor load of a motor is based on six times the full-load current. rating o
rrent, and ten times the full-load current rating if direct current.

If the marked maximum fuse size of the appliance assembly does nat.exceed the maxi

motor of the smallest rating, two or more motors each having/individual runnin
y be connected to the same power supply if it can be determined that a fuse g
ben under the most severe conditions of service that might be encountered.

DIr's

pr starting or running capacitor shall be -hot'sed within an enclosure or contg
ates against mechanical damage and, that will prevent the emission of fla
ting from malfunction of the capacitor;,Except as noted in 18.2 and 18.3, the
roviding strength and protection notless than that of uncoated steel 0.020 ing

dividual container of a eapacitor may be of material other than metal if the
n enclosure that houses-other parts of the device assembly, and provided th
Ke, is acceptable for the enclosure of current-carrying parts.

ontainer of an ‘electrolytic capacitor is constructed of metal, it shall be insulats

citor<employing a liquid dielectric medium more combustible than askarel shall
sionnof the dielectric medium when tested in accordance with the applicable

requirements

4

the motor if

mum size for
j overcurrent
f the marked

iner that will
e or molten
ntainer shall
h (0.51 mm)

capacitor is
at such box,

d from dead

be protected
performance

of-this annr’lnrr’l’ innlllr’ling faulted overcurrent conditions based on the circuit

in which it is

used. See Sh

ort-Circuit Test, Section 61.

Exception: If the available fault current is limited by other components in the circuit, such as a motor start
winding, the capacitor may be tested using a fault current less than the test current specified in Table 61.1,
but not less than the current established by dividing the circuit voltage by the impedance of the other
component(s).

19 Electrical Insulating Materials

19.1 Material for the mounting of current-carrying parts shall be porcelain, phenolic composition, cold-
molded composition, or equivalent material.
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19.2 Ordinary vulcanized fiber may be used for insulating bushings, washers, separators, and barriers,
but not as the sole support for uninsulated live parts where shrinkage, current leakage, or warpage may
introduce a risk of fire or electric shock.

19.3 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material employed where spacings would otherwise be insufficient, shall be not less than 0.028
inch (0.71 mm) in thickness, except that a liner or barrier not less than 0.013 inch (0.33 mm) in thickness
may be used in conjunction with an air spacing of not less than one-half of the through air spacing
required. The liner shall be located so that it will not be damaged by arcing. Material having a lesser
thickness may be used if it has equivalent insulating, mechanical, and flammability properties.

20 High-Vi

20.1 Except as noted in 20.2 — 20.4, the spacings between uninsulated live parts of opposite polarity and
between an yininsulated live part and a dead metal part shall be not less than the values indi¢ated in Table
20.1.

Table 20.1
Minimum spacings
Ratjngs Minimum spagcings?, inch (mm)
Volt-

amperes Volts Through air Qver surface To endlosure®
0-2000 0 - 300° 1/8° (3.2) 1/4 (6.4) 1/4 (6.4)
0-150 1/8° (3.2) 1/4 (6.4) 1/2¢ (12.7)
moretvan I 151300 14 (6.4) 318 (9.5) 2e (12.7)
301 -600 3/8 (9.5) 1/2%¢ (12.7) 1/2° (12.7)

@See 19.3.

b If over 300 vdlts, spacings in last line of table apgly.

¢ The spacingq between wiring terminals of oppdsite polarity, or between a wiring terminal and grounded metal, shqll not be less
than 1/4 inch (6.4 mm), except that if short-Circuiting or grounding of such terminals will not result from projecting strands of wire,
the spacing neged not be greater than that\given in the above table. Wiring terminals are those connected to the field and not
factory wired. leasurements are to be made with solid wire of adequate ampacity for the load connected to each t¢rminal.

9 Includes fittings for conduit or,metal-clad cable.

® The spacingq at wiring terminals of a motor shall be at least 1/4 inch (6.4 mm) for a motor rated 250 volts or less gnd 3/8 inch
(9.5 mm) for a motor rated\more than 250 volts.

20.2 The threugh-air and over-surface spacings at an individual component part are to be Judged on the
basis of the totatvott-ampere consumption of the toad(s) that the component tontrots.However, the
spacing from the component to the enclosure shall be judged on the basis of the total load on all
components in the enclosure. For example, the through-air and over surface spacings at a component
which controls only a motor is judged on the basis of the volt-ampere of the motor. A component that
controls loads in addition to the motor is similarly judged on the basis of the sum of the volt-ampere of the
loads so controlled; however, a component that independently controls separate loads is judged on the
basis of the volt-ampere of the larger load. The volt-ampere values for the load referred to above are to be
determined by the measured input.

20.3 The spacing requirements in Table 20.1 do not apply to the inherent spacings of a component which
is judged on the basis of the requirements for the component. However, the electrical clearance resulting
from the installation of a component, including clearances to dead metal or enclosures, shall be those
indicated.
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20.4 All uninsulated live parts connected to different circuits, except subdivided or branch circuits of the
same voltage from the same feeder, shall be spaced from one another as though they were parts of
opposite polarity in accordance with the requirements indicated in 20.1 — 20.3 and shall be judged on the
basis of the highest voltage involved.

20.5 For circuits not exceeding 300 volts, the over-surface spacings for glass-insulated terminals of
motors may be 1/8 inch (3.2 mm) where 1/4 inch (6.4 mm) is specified in the table; and may be 1/4 inch
where 3/8 inch (9.5 mm) is specified.

21 Low-Voltage Circuits
21.1 The spacihgs—forlow-voltage—slects omponenis—th e—in ed—in ircuit-that includes a

motor overlogd protective device, or other protective device, where a short or grounded cirediit may result
in a risk of firg, electric shock, or injury to persons shall comply with 21.2 — 21.4.

21.2 The spacing between an uninsulated live part and the wall of a metal enclosure including fittings for
the connectiop of conduit or metal-clad cable shall be not less than 1/8 inch (3.2)mm). See 20/4.

21.3 The spacing between wiring terminals regardless of polarity, and between the wiring t¢rminal and a
dead metal part (including the enclosure and fittings for the connection of conduit) which may|be grounded
when the devjce is installed shall be not less than 1/4 inch (6.4 mm).

21.4 The spacing between uninsulated live parts, regardless.of polarity, and between an |nsulated live
part and a depd metal part, other than the enclosure, which<tnray be grounded when the devige is installed
shall be not Igss than 1/32 inch (0.8 mm), provided that the construction of the parts is such {hat spacings
will be definitgly maintained.

21.5 The sgacings in low-voltage circuits that-do not contain devices such as indicated in[21.1 are not
specified.

CONSTRUCTION — MECHANICAL
22 General

22.1 The rgquirements of Section 8, Enclosures, are not applicable to mechanical servjce functions
which are not|normally performed with the incinerator energized.

22.2 Moving parts-such as fan blades, blower wheels, pulleys, belts, etc., which may cause injury shall
be enclosed ¢r.guafded.

22.3 If the removal of doors or panels or shields will expose such moving parts:
a) The opening or removal of the door, panel or shield shall require the use of tools; or
b) An interlocking device shall shut off the mechanism; or
¢) A warning marking shall be displayed which reads essentially as follows:

DANGER - To Avoid Injury From Moving Parts, Shut Off The (Incinerator) Before (Removing-
Opening) This (Cover-Door).

22.4 The distance from an opening in a required guard or enclosure to the moving part mentioned in 22.3
shall be in accordance with the following table, but the minor dimension of the opening shall not in any
case exceed 3 inches (76.2 mm). For an opening having a minor dimension intermediate between two of
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the values included in the table, the distance from the opening to the moving part shall be not less than
that found by appropriate interpolation between the corresponding values in the right hand column of the
table. The minor dimension of the opening is determined by the largest hemispherically tipped cylindrical
probe that can be inserted through the opening with a force of 5 pounds.

part, inches

Minor dimensions of opening, inches? Minimum distance from opening to moving

1/4 12

3/8 1-1/2

1/2 2-1/2

3/4 4-1/2

1 6-1/2

1-1/2 10-1/2

2 14-1/2
Over 2 30

@ Openings lesk than 1/4 inch are not to be considered.

225 A mo
unlikely to bg

22.6 Parts
be free from

22.7 Parts
bursting, a H
subjected. S

22.8 Anun
shall be loca
performing s

Exception: A
the opening

22.9 Servid

a) Ad

sharp projections or edges and projecting screéw.ends.

that are subjected to pressure during operation shall be constructed to withg

be Hydrostatic Strength — Test No. 1\ Section 66.

prvice functions that may-have to be performed with the equipment energized.

pecause of fixed_components, including baffles.

ing part is not to be considered when judging compliancewith 22.3 and 22.4
contacted through the opening because of fixed components, including baffles.

hat may come in contact with the operator's hand.during normal adjustment or s

ydrostatic pressure equivalent to five~times the maximum pressure to which

nsulated high-voltage live pardt-and a moving part that may involve a risk of injy
ed, guarded, or enclosed 'se-as to reduce the likelihood of unintentional contactj

moving part is nét required to comply with 22.8 if the part is unlikely to be cont

e functions. which may have to be performed with the equipment energized inclu

usting'the setting of temperature controls with or without marked dial settings;

| if the part is

ervicing shall

tand, without
they may be

ry to persons
by personnel

bcted through

de:

b) Resetting control trip mechanism;

c) Operating manual switches; or

d) Adj

A factory set

usting air-flow dampers.

and sealed control is not considered to be adjustable.

22.10 The requirements of 22.8 are not applicable to mechanical service functions which are not
normally performed with the equipment energized.

22.11

Adjustable or resettable electrical control or manual switching devices may be located or oriented

with respect to uninsulated live parts, so that manipulation of the mechanism for adjustment, resetting, or
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operation can be accomplished in the normal direction of access if uninsulated live parts or moving parts
that may involve a risk of injury to persons are:

a) Not located in front, in the direction of access, of the mechanism; and

b) Are not located within 6 inches (152 mm) on any side or behind the mechanism, unless guarded.

2212 An electrical control component that may require examination, adjustment, servicing, or
maintenance while energized, not including voltage measurements, shall be located and mounted with
respect to other components and grounded metal parts so that it is accessible for electrical service
functions without subjecting the serviceman to a risk of electric shock from adjacent uninsulated live parts

or to unintentional contact from adjacent moving parts that may involve a risk of injury to persons.

22.13 Acce
by mounting
component th
enclosure wit

sibility and protection from a risk of fire, electric shock, or injury to persons'may
the control components in an assembly so that unimpeded access ds\prov
rough the access cover or panel in the outer cabinet and the cover aof\the cont
n the following arrangement:

a) Theé components are located with respect to the access opening in the cabine

farthe
the ac

b) Uni
within
locate
space

5t component in the control assembly is not more than 14 inches (356 mm) fron
Cess opening.

hsulated live parts outside the control assembly prejected clear space (except
a control panel) or unguarded moving parts that. may involve a risk of injury to
H not closer than 6 inches (152 mm) from any-.side of the access area. The pr
is considered to be bounded on the sides,by the projection of the smalles

perimgter surrounding the outside edge of the<eomponents or control enclosure wh

The a
acces

ccess area is considered to be bounded-on the sides by the projection of the pe
5 opening in the outer cabinet to the<losest rectangular perimeter surroundin

edge ¢f the component or control enclosure.

c) Th
openi
wiring
d) Acq
other

e) Ext
are to

!

volume generated by the-projected clear space of the control assembly tg
g in the outer cabinet (within the access area is completely free of obstructio

ess to the compénents in the control assembly is not impeded in the direction
components or by wiring in this assembly.

ractor-type‘fuseholders and snap switches mounted through the control assem
be located so that:

1)\Fhere is unimpeded access to these components through the access oy

be obtained
ded to each
rol assembly

I so that the
the plane of

for live parts
persons are
pjected clear
[ rectangular
en provided.
imeter of the
j the outside

the access
ns, including

of access by

bly enclosure

ening in the

outer cabinet;and

2) They are not immediately adjacent to uninsulated live parts outside the control assembly

enclosure, unless guarded.

Also see Figure 22.1.
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Figure 22.1
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22.14 Components in a low-voltage circuit shall comply with the requirements of 22.12 in their relation to

uninsulated live parts in a high-voltage circuit and to hazardous moving parts.

22.15 The following are not considered to be uninsulated live parts:

a) Coils of controllers;

b) Relays and solenoids;

c) Transformer windings, if the coils and windings are provided with insulating overwraps;

d) Enclosed motor windings;

e) Ins{lated terminals and splices; and

f) Insujated wires.

22.16 Moving parts such as fan blades, blower wheels, pulleys, belts, and_the-like, which may cause
injury shall b¢ enclosed or guarded. If the removal of doors, panels or shields’will expose such moving

parts:

a) Thg opening or removal of the door, panel or shield shall require the use of tools; or

b) An |nterlocking device shall shut off the mechanism; or;

¢) Thg door, panel, or shield shall be marked in accordance with 77.23.

Exception: A moving part is not required to comply with22.16 if the part is unlikely to be contacted through
the opening Because of fixed components, including-baffles.

2217 The distance from an opening in a required guard or enclosure to the moving part mentioned in
22.16 shall bg in accordance with Table 22.4, but the minor dimension of the opening shall ndt in any case
exceed 3 inches (76.2 mm). For an gpening having a minor dimension intermediate betwegn two of the
values includgd in the table, the distanee from the opening to the moving part shall be not Iess than that
found by appiopriate interpolation‘between the corresponding values in the right-hand column of the table.
The minor dimension of the opéning is determined by the largest hemispherically tipped cylipdrical probe

that can be inserted through the opening with a force of 5 pounds (22 N).

Table 22.1

Dimensions of openings

Minor dimensions of opening, Minimum distance from opening to moving part,
inches® (mm) inches?® (mm)
1/4 (6.4) 112 (12.7)
38 (9.5) 1-1/2 (38.1)
1/2 (12.7) 2-1/2 (63.5)
3/4 (19.1) 4-1/2 (114)
1 (25.4) 6-1/2 (165)
1 (25.4) 6-1/2 (165)
1 (25.4) 6-1/2 (165)
1-1/2 (38.1) 10-1/2 (267)

Table 22.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 2790 2024.pdf

APRIL 2, 2024 UL 2790 51
Table 22.1 Continued
Minor dimensions of opening, Minimum distance from opening to moving part,
inches? (mm) inches? (mm)
2 (50.8) 14-1/2 (369)
over 2 (over 50.8) 30 (762)
@ Openings less than 1/4 inch (6.4 mm) are not to be considered.

23 Corrosion Protection

231 lron a
equivalent m

Exception: G
protected ag

23.2 Surfag
shall be eval
thickness an
provided. Se

Td-Steetparts—stattbeprotected—againstcorrosiom by paimting, gatvarizing; pt
pans when malfunctioning of such unprotected part results in a hazardous condi

ast-iron parts, cast-aluminum parts and ASME coded pressure vessels\are not
hinst corrosion.

es of the burner assembly and flue gas conveying parts thateentact flue gas
Lated with respect to resistance to corrosion. Among the factors to be considere
H type, length of time subjected to the condensate condition and type of corros
b 46.3.

24 Fuel Canfining Parts

241 Fuel ¢
unintended d
durability, an
temperature
(204°C). Sug
specified her

24.2 Softs
fuel. Soft-sol

243 The b

onfining parts, or operating parts if failure of the part will allow excess leg
peration, or restrict a safety device or control from functioning, shall be of suffiq
d resistance to fire. Such parts shallybe made of material having a melting
of not less than 950°F (510°C) and a tensile strength of not less than 10,000
h parts shall not sag, distort, melt, oxidize, or show leakage of fuel during an
Ein.

blder shall not be used on any fuel-handling parts if melting of the solder may all
Jered joints, wherepermitted, shall be made mechanically secure before solderi

pting or other
tion.

required to be

condensation
d are material
on protection

kage of fuel,
ient strength,
point (solidus
psi at 400°F
y of the tests

bw |leakage of
ng.

urner shall function so as to reduce to a minimum the generation of unburned vapors, and
shall not incllilde chambers'or pockets in which unburned vapors may accumulate.

244 Fuel g

iping“and fuel handling components shall not be enclosed within an unventilat

ed cabinet, or

other such C(I)nstruction.

CONSTRUCTION - INCINERATOR ASSEMBLY

25 General

251

Each incinerator shall be factory built to include all the components necessary for its normal

function when installed as intended. It may be furnished as separate components, one component
consisting of the burner assembly, one component consisting of the combustion air blower assembly, and
the other consisting of the incinerator.

25.2 An incinerator, if not manufactured as an assembly, shall consist of as few subassemblies as
practicable. Each subassembly shall be capable of being incorporated into the final assembly without
requiring alteration, cutting, drilling, threading, welding or similar tasks by the installer. Two or more
subassemblies, which must bear a definite relationship to each other for the proper and safe operation of
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the incinerator, shall be designed and marked so that they may readily be incorporated into the final
assembly in their correct relationship.

25.3 A radiation shield or baffle employed to reduce the risk of unintended temperatures shall be
assembled as part of the incinerator; or be part of a subassembly that must be attached to the incinerator
for its normal operation; or be designed so that the incinerator cannot be assembled for operation without
first attaching the required shield or baffle in its proper position.

25.4 Each incinerator shall afford convenient operation by the user of those parts requiring attention or
manipulation by him in normal usage.

255 Anya

jl istable pgrf shall be prn\/irlnd with a3 |r\r\|1ing device-

or vent-relief

25.6 Openir
openings sha
circular in shg

25.7 The v4
manner to ins

25.8 Parts ¢
flame or emis|

25.9 Aninci
or drippings.

2510 Anin
being expelle

25.11 Anin
when the ash

26 Accessi

26.1  All flug
inspection an

26.2 Provisi
under operati

bility

gs in perforated or expanded metal panels, provided over combustionair
I not be less than 1.8 inch (45.7 mm) diameter. If the openings in such.panels g
pe, they shall be of such size that will permit entrance of a No. 20 drill:

rious parts shall be constructed and assembled in accordance, with these requ
ure strength, rigidity, and durability.

f an incinerator shall not crack, warp, or sustain othef. damage likely to perm
Sion of gases or sparks to the exterior when testeddn accordance with these req

herator shall be constructed to avoid the foulingor clogging of an ignition assem

cinerator shall be designed to prevent flames, sparks, gases, burning particles
d into the room.

Linerator shall be so constructed that glowing or heated particles cannot fall to t
pan is removed.

gas passageways or heating surfaces of gas-fired incinerators shall be a
0 cleaning'without major dismantling and without removal of controls.

on shall'be made for observation of each pilot and main burner flame during ad
hg conditions.

re other than

rements in a

t passage of

uirements.

bly by ashes

or drippings

he floor even

ccessible for

ustment and

26.3 Sufficient and reasonable accessibility shall be afforded for cleaning, inspection, repair, and
replacement of all burners, controls, and safety devices when the incinerator is installed as recommended
by the manufacturer. The arrangement of parts in an assembly removed for normal care shall be such that
their restoration, following removal, will not necessitate realignment to secure their proper relationship with
other parts of the assembly. Special tools that may be required for normal care to be done by the operator
shall be supplied with the incinerator.

26.4 Heads and nuts of bolts which must be removed to permit the removal of cleanout plates shall not
be placed where they will be in contact with flue gases.
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27 Baffles

271

Flue baffles shall be removable for cleaning or shall be designed so that they cannot be dislodged

or distorted during cleaning. Flue baffles which are removable for cleaning shall be designed so as to
assure their replacement in the correct position.

28 Temperature Controls

28.1

temperature to incinerate the applicable contents, per manufacturer's instructions.

28.2 The cpr

to effect the ¢
the sensing

28.3 The p
controls, the
Additional te
discretion of

29 Bases
29.1

29.2 The b
material in a
that there wil

29.3 The ¢
bottom or be
assembly. TH

30

30.1 Comb
comply with

Hirect openlng of that circuit, Whether the SW|tch|ng mechanlsm is mtegral Wlth 0

¢lement. The burner operation can be resumed automatically when the outflet ai
decreases bg

low the limits specified in set point.

urpose of the requirement in 28.2 is to avoid interposing in the, ‘control circ
failure of which may result in a condition that the temperature.control is intend
5ting of configurations of the temperature control in conjunction/with other contro
he testing agency.

The base of an incinerator shall be constructed to support the incinerator as intended.

hse of an incinerator shall be constructed of metal or fabricated of other na
manner to provide equivalent strength and durability. The assembly shall be ¢
be no open passages.

constructed to provide arsolid partition below the combustion-chamber ash
e ash compartment assembly is considered to include the floor of the ash comp

Incinerator Combustion.Chambers

stion chambers shall be constructed of cast iron, sheet steel, or other material
his requirement. The temperature of the metal shall not exceed the limits spe

60.1, when

Tests, Sectia

he incinerator is operated under the conditions of the applicable tests in the

An incinerator shall be provided with a temperature control to achieve and regulate the required

g be arranged

I remote from
Ir temperature

it with other
bd to prevent.
s is left to the

ncombustible
pbnstructed so

asing of an incinerator fornstallation on combustible flooring shall completely close the

compartment
artment.

Hetermined to
cified in Table
Temperature
to corrosion,

n 60 Sheet steel if used shall maintain strength r|g|d|ty, durablllty, re3|stance

0.053 inch (1

3 mm)

n thickness of

30.2 Joints in the combustion chamber shall be welded, brazed, or be made by a machined slip joint, or
by machining, bolting or riveting. A joint shall not depend primarily on cement for tightness. A slip or lap
joint shall not depend solely upon friction of the joint itself for strength.

30.3 Combustion-chamber (fire-box) lining, if used, shall be durable, securely held in place, and
accessible for replacement with equivalent material.

31 Ash Compartment

31.1 Anincinerator may be provided with a removable ash pan which having capacity of not less than 20
percent of the volume capacity of the incinerator combustion chamber.
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31.2 The door of an ash compartment shall be self-closing or the incinerator shall be tested in
accordance with these requirements with the closing means or door in the open position.

32 Radiation Shields

32.1 A radiation shield or liner shall be so constructed, formed, and supported to maintain its intended
positioning and to resist distortion or sagging in service. A shield or liner shall be protected against
corrosion if its deterioration may cause temperatures in excess of those specified in Table 60.1 when the
product is tested as specified in Temperature Test No. 10, Section 59. Any finish to obtain the required
resistance to corrosion shall not be damaged by heat when the incinerator is tested as specified in the
Temperature Test No. 10, Section 59.

33 Casingsl

33.1 An outer casing or jacket shall be made of steel or other suitable material, reinforced or formed if
necessary, sq that it is not likely to be damaged through handling in shipment, instaltation, and use. Sheet
metal casing$ shall be made of steel having a minimum thickness of 0.0254, inch (0.645 mm), and all
surfaces shall be protected against corrosion.

33.2 Sheet fron or steel, used for casings to confine circulating air(shall not be less than 0.032 inch
(0.813 mm) thick.

33.3 Acces$ panels as need be removed for normal servicerand accessibility shall be desighed to permit
ready removdl and replacement repeatedly without causing.damage or impairing any required insulating
value.

33.4 A remgvable panel through which air is drawn*for combustion shall be so designed ag to restrain it
from being atfached in a manner that may cause-improper performance of the incinerator.

33.5 A remgvable panel shall be so constructed that it will not be interchangeable with other panels on
the same inciperator when interchange-may allow improper operation of the incinerator.

33.6 The casing of a incinerator shall completely close the bottom or be constructed tp provide an
effective radiation barrier between the heat exchanger and the floor; except an opening infended to be
always conngcted to a circulating air-distribution duct may be permitted.

33.7 Conneftion between the heat exchanger and the casing which encloses circulatind air shall be
constructed tp reduee the risk of combustion products leaking into the ambient air.

34 Flue Cohlars

34.1 A flue collar shall be made of material not lighter than that designated for heating surfaces. Such
collars shall extend through the casing externally a sufficient distance to permit secure attachment of the
vent connector.

35 Chimneys

Reprinted with permission from NFPA 82-2004: Standard on Incinerators and Waste and Linen Handling Systems and Equipment,
Copyright © 2004, National Fire Protection Association, Quincy, MA 02169.

35.1 The chimney shall serve only the incinerator.

35.2 If incinerator walls or the roof of the combustion chamber support the chimney, they shall be built to
support the load imposed.
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35.3 A factory-built chimney shall be permitted to be supported at intervals by the building structure, in
which case expansion joints shall be provided at each support level. All joints shall be liquidtight or of a
design such that liquid will drain to the interior of the chimney.

35.4 Cleanout openings, if provided, shall be equipped with ferrous metal doors and frames arranged to
remain tightly closed when not in use. A clearance of not less than 914 mm (36 in.) shall be provided
between cleanout doors and combustible material.

35.5 Breachings shall be designed or otherwise protected in an approved manner, such as by guard rails

or shields, to protect personnel from accidental contact with surfaces that exceed 160°F (71.1°C).

35.6 Externalknsulation-shallnotbe-used-onhot hrnnr\hlnge_

35.7 Breac
sections are

35.8 Chimr
dimension sH
defined in AS

35.9 Chimr
dimension s
(as defined i

35.10 Cast
provided suc

35.11 Linen
resistant stee

35.12 The
(1500°F) ung

35.13 The

the incinerator.

35.14 Ach

35.15 The

]

nings that utilize listed medium-heat chimney sections shall be permitted; p
oined together with continuous welds, flanges, or couplings.

ey connectors or breaching up to 457 mm (18 in.) in diametér or greatest
all be lined with not less than 63.5 mm (2-1/2 in.) high-duty, spall-resistant refra
TM C 27).

ey connectors or breaching over 457 mm (18 in~ifi diameter or greatest
all be lined with not less than 114 mm (4-1/2 in.) ©f high-duty, spall-resistant re
ASTM C 27).

able plastic refractories or other refractorieséshall be permitted to be used in lig
h refractory is of equivalent heat and corrosion resistance.

5 made of castable plastic refractories shall be supported by anchors made
| capable of supporting the refractory load at 727°C (1500°F).

nsulating value shall bg such that temperatures at the supports shall not €
er all firing conditions.

het internal free-area of the connector shall be not less than the free area of the

mney connector shall not be enclosed.

connector shall be readily accessible for inspection and replacement through

ovided these

cross-section
ctory brick (as

cross-section
fractory brick

u of firebrick,

of corrosion-

xceed 727°C

b flue collar of

out its entire

length.

35.16 Metal chimneys shall be properly riveted or welded, securely supported, and constructed in
accordance with good engineering practice.

35.17 Metal chimneys shall be constructed of steel or cast iron. Sheet steel shall have a thickness not
less than that indicated in Table 35.1.

35.18 Where secondary combustion temperatures do not exceed 982°C (1800°F), metal chimneys shall
be lined with 114 mm (4-1/2 in.) of high-duty, spall-resistant firebrick (as defined in ASTM C 27, Standard
Classification for Fireclay and High- Alumina Refractory Brick) laid in high-duty refractory mortar (as
defined in ASTM C 199, Standard Test Method for Pier Test for Refractory Mortars).

35.19 The lining shall start at the base of the chimney and extend continuously to the top.
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35.20 Equivalent linings of equivalent thickness, such as Class A or better alumina-silica base castable
refractories or Class O or better insulating castable refractories, shall be permitted to be used.

35.21

Where secondary combustion temperatures exceed 982°C (1800°F), metal chimneys shall be

lined with 114 mm (4-1/2 in.) of super-duty, spall-resistant refractory brick (as defined in ASTM C 27,
Standard Classification for Fireclay and High-Alumina Refractory Brick) laid in refractory mortar.

35.22 The refractory mortar shall be high-duty for temperatures up to 1500°C (2730°F) and super-duty or
better for temperatures up to 1600°C (2910°F).

35.27.

Table 35.1
Minimum thickness of sheet steel chimneys®
Manufacturer Minimum thickness Area Equivalent round diameter
standard U.S. . .9 2 .
gauge numbe} in. (mm) in. (mm?) ing (mm)
16 0.054 (1.37) Up to 154 (Up to 0.0994) Upto 14 Up to 356)
14 0.069 (1.75) 155 - 201 (0.0999 - 0.1296) =14 -16 >356 — 406)
12 0.098 (2.49) 202 - 254 (0.1303 - 0.1638) >16-18 >406 — 457)
10 0.128 (3.25) >254 (>0.1638) >18 (>457)
#Regardless of minimum thicknesses in this table, the thickness of sheet metal§hall’be adequate to meet the requirgements of

35.23 Equiv
refractories (2
Q insulating
requirements

35.24 Castg
in lieu of fireb

35.25 Liner
capable of su

35.26 The
temperature

35.27 Metal

alent linings of equivalent thickness, such.as’Class B or better alumina-silica b
s defined in ASTM C 27) in accordance with temperature requirements or Class
castable refractories (as definedgin ASTM C 27) in accordance with
shall be permitted to be used.

ble plastic refractories or other refractories shall be permitted to be used in me
rick, provided such refractoryis of equivalent heat and corrosion resistance.

5 made of these refractories shall be supported by anchors made of corrosion-r
pporting the refractory load at 727°C (1500°F).

nsulating ~alue shall be such that temperatures at the supports shall not
nder allfiring conditions.

chimneys shall be properly rlveted welded, or bolted; securely supported ang

ase castable
P and Class
temperature

tal chimneys

psistant steel

exceed this

constructed

anca rimey mprontia atha fo

in accordanc

a) Strength to resist stresses due to steady or gusting wind loads;
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b) Adequate anchoring, bracing, and inherent strength to withstand seismic and wind-induced
vibrational stresses;

c) Proper material thickness for durability, considering fuel analysis, gas temperature, and
exposure;

d) Security against leakage of flue gases under positive pressure

e) Allowance for thermal expansion of breaching and vertical sections
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CONSTRUC

TION — BURNER ASSEMBLIES

36 General

36.1

Each incinerator shall be factory built to include all the essential parts necessary for its normal

function when installed as intended. The incinerator may be shipped as two or more subassembilies.

36.2 The various parts of an incinerator shall be constructed and assembled in accordance with these
requirements in a manner to insure strength, rigidity, and durability.

36.3 The incinerator, |f not manufactured as a unit assembly, shall consist of as few subassemblles as

practicable. |
and correctl
tasks by the
the intended
incorporated

36.4 Burne
valve, press
the field wit
installer.

36.5 An ad]

36.6 Acces|
normal care.
restoration fq
other parts o
shall be supp

36.7 Theb
attaching to
dropping out

36.8 A burr
position and

36.9 The base orframe on which burner parts are mounted shall be made of noncombustib

into the final assembly W|thout requiring alteratlon cutting, threadmg weldi
nstaller. Two or more subassemblies which must bear a definite relationghip 'to
operation of the incinerator shall be designed and marked so that they m
into the final assembly in their correct relationship.

piping components such as the main automatic gas shutoff.valve, main manu
re regulator, and the like, may be furnished as separate parts’/provided they ca
standard piping. The standard piping may be furnishéd; cut, and threadec

ustable part shall be provided with a locking device.

sibility shall be afforded to all burner assembly parts, controls, and safety dev,
The arrangement of parts in an assembly removed for normal care shall be g
llowing removal will not necessitate their realignment to secure their proper rel
f the assembly. Special tools that may be required for normal care to be done b
lied with the burner assembly.

Lrner assembly or subassemblies shall incorporate provisions for support, ad
he incinerator in order. that installation can be made so as to restrain its twisti
of the correct position:

er assembly ofithe swing type shall be provided with means for locking the burn
fo reduce the-risk of it discharging fuel when in other than the firing position.

sprated readily
ng, or similar
pach other for
ay readily be

al gas shutoff
n be joined in
i by the field

ces requiring
uch that their
htionship with
the operator

ustment, and
ng, sliding, or

er in the firing

e material.

36.10 Bolt
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36.11
temperature

LILA>AL

in excess of 1450°F (787.8°C).

Burner heads, mixer heads, and mixer tubes shall be of metals having a melting point, solidus

36.12 A ribbon burner shall be so constructed that the ribbon assembly can be removed, cleaned, and
replaced without the need for special tools.

36.13 The burner orifice and orifice holder shall be made of a material having a melting point, solidus
temperature of not less than 1450°F (787.8°C) for use with manufactured and mixed gases and not less
than 1100°F (593.3°C) for natural LP-Gas, and LP-Gas-air mixtures.

36.14 Main burner gas orifice spuds shall be threaded into their holders with at least 3-1/2 full threads.
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36.15 A fan housing and an air duct shall be made of noncombustible material of sufficient strength and
durability to resist damage during test under these requirements.

36.16 The exterior portion of a firing head within 6 inches (152 mm), measured parallel to its axis, from
the firing end and all parts normally in contact with masonry, shall be made of iron or steel or suitable
refractory. Interior parts shall be made of materials suitable for the purpose and, if considered fuel
containing, shall conform to 24.1.

36.17 Flame spreaders and flame spreader supports used with upshot type burners shall be constructed
so that they cannot be incorrectly fitted together, or they shall be marked to indicate the correct method of
assembly. When it is necessary for service or assembly to remove the flame spreader. It shall not be
threaded to i i i

t[ support unless the support is readily removable.
36.18 Flame¢ spreader supports used with upshot type burners shall be so constructed’ th

spreader canpot be supported at other than the correct distance above the burner.

at the flame

36.19 Burng
material fallin
not cause a h

rs shall be provided with means to reduce the risk of disintegrated ceramic flgme spreader
j into the burner port(s). They shall also be designed so that disintegration of the ceramic will
pzardous change in the operating characteristics of the burner.

36.20 Jointg
not depend fq
where such jd
of equivalent

in the pressure zone or in the burner head of a burner@assembly, shall be gastight and shall
r mechanical strength nor primarily for tightness omcement or other sealing material, except
ints form part of the port area. Joints shall be balted, screwed, machined, weld¢d, brazed or
construction.

37 Controls

37.1 All safety controls shall be readily accessible.

37.2 A safe
the intended
intended loca

37.3 Nothin
or allowing fir

37.4 A burn
manual resta
an interrupteq

y control shall be supported-in-such a manner that it and its sensing element
position. It shall be possible to determine by observation or test that each co
fion.

j shall be provided for the purpose of permitting any safety control to be render
ng of the burner-assembly without the protection of all of the required safety con

er assembly not equipped to provide safe automatic restarting shall be arrang
t after-any control functions to cause the fuel supply to be shut off and following
power supply.

will remain in
ntrol is in its

bd ineffective
trols.

ed to require
restoration of

37.5 The control system shall permit installation of a suitable limit control.

37.6 A safety control circuit shall be two-wire, one side grounded, having a nominal voltage of 120.

37.7 The above requirement does not apply to an isolated secondary circuit of a sensing device or a
supervised circuit within a safety control or to the extension of such circuit to a separate element of the
control, such as a flame sensing device.

37.8 A safety control or protective device switch shall interrupt the ungrounded conductors.

37.9 A control circuit shall be arranged so that it may be connected to a power supply branch circuit that
can be protected against overcurrent at not more than the value appropriate for the rating of the electrical
components included in the circuit.
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37.10 A limit control which functions by opening a switch shall directly interrupt the power supply to the
safety shutoff valve(s) except when two safety shutoff valves are used in the main burner supply line, see
44.1.1, one of the valves may be controlled through a contactor of a type that complies with the
requirements for a use in a safety control circuit.

37.11 A burner circuit shall be arranged to reduce the risk of feedback by a motor capacitor, or similar
device from energizing a fuel valve or ignition device.

37.12 Cabinet compartments housing gas piping and controls shall be ventilated.

38 Fan Housings and Air Tubes

38.1 A fan |housing and an air duct shall be made of noncombustible material having-the| strength and
durability to not be damaged during test under these requirements.

38.2 The exterior portion of a firing head within 6 inches (152 mm) measured parallel to its pxis, from the
firing end and all parts which may be in contact with masonry when the burner is installed as intended,
shall be madg of iron or steel. Interior parts shall be made of materials conforming with 24.1 +24.4.

38.3 An outer shell of a blast tube or firing head, if made of sheet.metal, shall be such|as to assure
strength, rigidlity, durability, resistance to corrosion, and other physical properties equivalent ffo sheet steel
having a thickness of not less than 0.053 inch (1.35 mm) or Type 309 stainless steel having a thickness of
not less than|0.026 inch (0.66 mm).

39 Combugtion Air Controls

39.1 An air|shutter shall be capable of being adjusted readily to any desired setting and be [provided with
means for reflucing the risk of a change in setting.

39.2 The aJr inlet shall be of sufficient@rea to supply adequate air for complete combustjon under the

specified drafft condition and at the maximum rate of firing when the burner is installed as intended. All the
air required fpr complete combustion shall be introduced in a manner which will assure thorqugh mixing of
the fuel and air.

39.3 Introduction of secondary air necessary for combustion through checker-work in {he floor of a
combustion ¢ghamber is-not permitted.

39.4 An air|shutter'shall provide for a reasonably smooth surface between the shutter and|the matching
face.

39.5 Sheet metal air shutters shall be of a thickness not less than 0.0254 inch (0.645 mm). If sheet metal
air shutters are of a thickness less than 0.0508 inch (1.29 mm), they shall have the outer edges turned at
right angles or be otherwise properly reinforced.

39.6 An air shutter shall by its design or assembly and selection of materials be guarded against sticking
or corroding in position. Screws or bolts used for attaching or adjustment shall be of corrosion resistant
material.

39.7 An adjustable part shall be guided to restrain its movement from its normal path during adjustment,
and the means for adjusting the part shall be readily accessible.


https://ulnorm.com/api/?name=UL 2790 2024.pdf

60 UL 2790 APRIL 2, 2024

39.8 A burner assembly, when adjusted according to the manufacturer's instructions furnished with the
incinerator, shall maintain complete and stable combustion at all firing rates called for by the input and the
air-gas ratio controls.

39.9 Linkage for operating air and fuel controls shall be designed to reliably maintain the correct fuel-air
ratio and to resist accidental damage and disengagement.

39.10 A burner assembly equipped with a forced or induced draft fan, or both, shall be arranged to shut
off the fuel supply immediately upon failure of the air supply. For a burner assembly having an input in
excess of 2,500,000 Btu per hour the loss of combustion air shall result in safety shutdown so that a

manual reset

is required to restore the burner operation.

39.11 If air
effective mea
supply. The g
supply is avai

39.12 If air
provision sha
air supply. Fo
combustion 3
operation.

Exception: F{

for a burner that is equipped with a supervised secondary@ilot as described in 40.1.8.

39.13 With
fuel, need no
has been ree

39.14 A bufner shall be equipped to“provide preignition purging in accordance with 39.1

except such
assembly is 3

under pressure is mixed with the gas supply in a mixer and is automatical
ns shall be provided to restrain air from passing back into the gas line,corlga
s and air supply shall be suitably controlled to restrain gas from entering burne
able and, in the event of air failure, to shut off the gas supply.

or combustion is supplied mechanically by a source from which the flow may b
| be made to shut off the fuel supply to the main burner and pilot assembly upon
I a burner assembly having an input in excess of 2,500,000,Btu per hour (732 kV

y controlled,
5 into the air
s until the air

b interrupted,
failure of the
V) the loss of

ir shall result in safety shutdown so that a manual réset is required to restore the burner

el shutoff and safety shut-down, if applicablei upon failure of combustion air is

espect to 39.10 and 39.12, loss of air;during purge or any time at start-up prior
result in safety shutdown. However; ho delivery of fuel shall be initiated befor
stablished and the required prepurge has been completed. See 39.17.

not required

to delivery of
b the air flow

b and 39.18,

breignition purging is notwrequired if the burner is equipped with a continuous
rranged so that any and-all gas from the burner ports will be safely lighted and b

39.15 A for
chamber, he

applied, immediately before ignition of an interrupted or intermittent pilot or before delivery
main burner for direct-ignition by an electric igniter, whichever is applicable. Purging shall G
sufficient timg to provide a minimum of four air changes of this volume. With the air flow prove
dampers proyen.to be open the air flow rate shall be at least equivalent of that provided for ¢

ced or induced\draft burner assembly shall provide preignition purging for the
t exchanger\and flue passages of the incinerator to which the burner asser

pilot and the
irned.

combustion
nbly is to be
of gas to the
ontinue for a
n and the air
pmbustion at

60 percent of

the rated high-fire input.

Exception: For a burner assembly having an input not exceeding 2,500,000 Btu per hour (732 kW), as an
option, the purging may be accomplished at a damper opening that provides at least four air changes in
not more than 90 seconds.

39.16 Purge periods at air flow rates not less than those indicated in (a) and (b) may be considered as
providing purging in accordance with 39.15:

a) A purge period of 30 seconds, during which time air flow at a rate equivalent to that provided for
combustion at rated, high-fire input of the burner assembly or incinerator is obtained.

b) A purge period of 60 seconds, during which time air flow at a rate equivalent to that provided for
combustion at 60 percent of rated, high-fire input of the burner assembly or incinerator is obtained.
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39.17 With respect to 39.15 — 39.16 if there is a loss of air during the purge, a complete required purge of
four air changes or the required period of purge shall be provided after reestablishment of air flow.

39.18 A control device provided as an interlock in the burner fuel supply-combustion air system, or for a
similar purpose shall comply with the requirements specified in the Standard for Limit Controls, UL 353.

40 Primary Safety Controls

40.1

General

40.1.1 Each burner assembly shall be provided with a primary safety control that will de-energize the

main burner

40.1.2 Loss
by the prima

a) Po
2,500

b) An

c)AD

40.1.3 Follg
valve within
for an attemg
exceeding 2
39.16.

40.1.4 A p1
with Table 40

40.1.5 The
flame establ
flame.

40.1.6 The
shall be arra
pilot is prove
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of flame at the point of supervision shall result in de-energization of the, safety
y safety control and safety shutdown for the following burners:

wer gas burners and mechanical draft atmospheric gas burners having an inpu
,000 Btu per hour (732 kW).

y type of burner equipped with a manually lighted continuous pilot.

urner employing direct electric ignition of main burnef gas.

wing the loss of flame at the point of supervision and de-energization of the
he time interval specified in Table 40.1, the ignition means may be automatica
t to restart the burner for a power gas burhiér or a mechanical draft burner havin
500,000 Btu per hour (732 kW) after completion of the purge in accordance

mary safety control shall proyide programming and monitor burner operation i
.1 as appropriate.

operation of the primary safety control shall be such that after the end of theg
shing period the, combustion detector is responsive only to the properties of

control system for a burner assembly equipped with a pilot for ignition of main
nged so.that no gas can flow to the main burner or burner group operating as a U
1. See 42.6.

shutoff valve

t in excess of

safety shutoff
ly reactivated
g an input not
with 39.15 or

h accordance

main burner
main burner

burner flame
nit unless the

40.1.7 Pilot supervision by the primary safety conirol shall be only af the point where the pilot flame will
effectively ignite the gas at the main burner or burner group with the pilot burning with any flame capable
of actuating the safety control.

40.1.8 If a pilot is not proved, the gas to the pilot shall be automatically shut off and safety shutdown
established. In the event of pilot extinguishment the gas to such pilots shall be shut off within the time
interval specified in Table 40.1. A pilot, independently supervised, having an hourly input of 5000 Btu/hr or
less, intended to light a larger pilot which is supervised in accordance with 40.1.6, is acceptable.

40.1.9 When an automatically ignited pilot is used, the pilot flame shall be proved before the main fuel
valve is energized. Fuel to the pilot shall be shut off and safety shutdown shall occur if the pilot flame is not
proved.
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40.1.10

If burner assemblies are designed for multiple installation in single devices, the automatic safety

control mechanism of each burner assembly shall operate independently of the other, or equivalent safety
features shall be provided so that in no case can any one burner operate unsafely.

Table 40.1
Required programming and timings based on maximum fuel input

combustion air

Gas pressure s|

Lipervision

recycle once. See 39.10

Not(required

recycle once. See 39.10

Low and high gas pressure
switches required

Operation Maximum firing rate per combustion chamber in million btu per hour
Above 400,000 Btuh Above 2,500,000 Btuh Above 5,000,000 Btuh
(117,228 W) to 2,500,000 (732,678 W) to 5,000,000 (1,465,358 W) to 12,500,000
Btuh (732, 678 W) Btuh (1,465,356 W) Btuh (3,663,389 W)
Four air chgnges n 90. Four air changes at 60 Four air changgs at 60
seconds with proven airflow, : . ) .
percent damper opening with percent dampef opening with
Prepurge or at 60 percent damper ; .
. . both damper opening and both damper ogening and
opening, with both damper . .
. - airflow proven airflow proven
opening and airflow proven
Pilot typg and flgme Interm|tter_1t or |rc1terrupted, Interrupted, 10 s maximum?® Interrupted, 10 § maximum®
establishing pefiod 15's, maximum
Main burner flajne
establishing pefiod when 15 s maximum 10 s maximum 10 s maximum
ignited by pilot
main burner flam establishing
period when ignjited directly by | 15 s maximum 4 s maximum? Not permitted
electric igniter
Flame failure rdaction time 4 s maximum 4 s maximum 4 s maximum
Safety shutoff vialve closing 5 d . 1 d ) 1 d .
time after de-erfergization seconds maximum second maximum second maxirum
gﬁtjf?g requiredion flame One recycle permitted One recycle permitted Safety shutdowp required
Proven low fire start Not required Required Required
Combustion air|proving Required Required Required
Action required|on loss of Safety shutdown except may | Safety shutdown except may Safety shutdowh

Low and high g
switches requir

bs pressure
bd

@ Maximum fue

® The flame-fail
shutoff device (|

¢ The pilot flamé
42.6.

input at light offnot to exceed 2,500,000 Btu per hour (732,678W). See 41.3.

ire reactiondime'is to be considered, the interval between the actual flame extinguishment and the ti
such as algas'valve) is de-energized.

establishing period shall not exceed 4 seconds if the pilot input exceeds 400,000 Btu per hour (117

me the safety

kW). See

40.1.11

Supervision of the main burner flame is not required on a burner equipped with an intermittent

pilot that is supervised throughout the burner operating cycle in accordance with the Pilot Supervision Test
No. 7 and Ignition, Gas-Electric High Tension Test No. 8, provided the maximum firing rate per combustion

chamber does not exceed 2,500,000 Btu per hour for a mechanical draft burner.

40.1.12 Supervision of the main burner flame only shall begin at the end of the main burner flame-
establishing period if:

a) The maximum firing rate per combustion chamber is more than 2,500,000 Btu per hour for a
mechanical draft burner and 5,000,000 Btu per hour for an atmospheric burner;

b) The burner assembly is equipped with an interrupted pilot or an electric igniter for ignition of the

main burner gas; or
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¢) The maximum firing rate per combustion chamber is more than 2,500,000 Btu per hour and

modu

lating or high-low firing is employed.

If the main burner flame is not proved, safety shutdown shall be established.

40.1.13 A primary safety control shall be constructed and tested in accordance with the Standard for
Automatic Electrical Controls for Household and Similar Use — Part 2: Particular Requirements for Burner
Ignition Systems and Components, UL 372.

40.2 Fuel pressure controls

o

40.2.1 Aby

a)Th

b) Re
the m

The switcheq
rated pressu
upstream of
of the safety

40.2.2 With
burner regul
settings.

40.2.3 Gas
Controls, UL
41 Ignition

411 The ¢

constructed and supported sothat each will be fixed in its intended position.

41.2 Them
and other m3
accordance
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b maximum firing rate per combustion chamber exceeds 2,500,000 Btu perhour

gardless of the firing rate, the burner is equipped with an electric igniter for dir
Qin burner gas.

shall cause a safety shutdown in the event the gas pressure“varies by +50 {
re downstream of the main burner regulator. The low gas\pressure switch sh
he safety shutoff valve or valves. The high gas pressure switch shall be located
shutoff valve or valves.

respect to 40.2.1, the high gas pressure switch may be located downstrean
btor if it can be determined the burner isceapable of operation at the inten

pressure switches shall be constructed and tested in accordance with the Star
353.

Systems — General
lectric igniter, pilot thurner, and pilot and main burner flame-sensing dev
eans for ignition shall be so designed and located as to reduce the risk of collec

terial, or-the dislocation, distortion, or burning of parts when the burner assemh
vith these’requirements.

41.3 The ¢

or

ect ignition of

ercent of the
all be located
downstream

n of the main
ded pressure

dard for Limit

ces shall be

tion of carbon
ly is tested in

nstruction of a burner assembly shall be such that the igniter assembly m

y be readily

withdrawn from and replaced in the burner assembly during servicing of the igniter assembly and burner
assembly without resulting in:

a) Reduction of the clearances between bare current carrying parts, electrodes, and grounded

metal

parts.

b) Changes in the air gap at electrode tips.

c) Reduction of the spacings between the high potential cables and grounded metal parts.

d) Changes in the position of the igniter or pilot relative to the area at which ignition is to be
initiated.

41.4 Except as indicated in 41.5, the lighting of the main burner flame shall be accomplished by a pilot
flame. An electric ignition system shall ignite only a pilot.
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41.5 For an automatically ignited mechanical draft burner having a maximum firing rate not greater than
5,000,000 Btu per hour per combustion chamber, the lighting of the main burner flame may be
accomplished directly by an electric igniter if the burner, in conjunction with the incinerator on which it is
used, complies with Delayed Ignition — Test No. 9. However, the maximum fuel input that is ignited directly
by an electric igniter shall not exceed 2,500,000 Btu per hour. See 41.6.

41.6 If the maximum firing rate of a burner on which the main burner flame is lighted directly by an
electric igniter exceeds 2,500,000 Btu per hour per combustion chamber, the initial ignition input shall not
exceed 2,500,000 Btu per hour. The ignition input shall be controlled by one or more of the following
arrangements:

a) A low-fire start-up proved by an interlock arrangement.

b) A glow-opening gas valve arranged so that in 5 seconds after the valve is enerdized the fuel
input rate to the burner does not exceed 2,500,000 Btu per hour.

c) Staged fuel input by either a step-opening valve or an arrangement of two-separat¢ valves (see
)- The|second stage input shall be delayed not less than 5 seconds fronrthe energization of the first
stage.

41.7 The ignition system for the main burner shall be activated beforé)the delivery of fuel tp the ignition
zone and shgll remain active during the main burner flame-establishing period. If means for [gnition is cut
off at the ternpination of the main burner flame-establishing perigd;.the ignition (pilot and any|pilot or main
flame electric{igniter) shall remain off for the duration of that firing cycle and for the purge pegriod required
upon attempt[ng the next firing cycle in accordance with 40.4:3:

42 Electric[High-Tension Ignition
421 Sparkligniters

42.1.1 Current carrying parts, such as abus bar, electrode, or terminals, shall be enclosed or insulated to
provide protegtion against accidental contact.

42.1.2 If an|adjustable air deflector or similar part is employed in the vicinity of bare copductors, the
construction ghall be such that\the part may be securely fixed to maintain any spacing requirgd to conform
t042.2.2.

42.2 Electrodes and\bus bars

42.2.1 Barelelectrodes and bus bars shall be self-supporting when in place.

42.2.2 An electrode or bus bar supporting an electrode shall be designed so that it may be fixed in its
proper position, and will maintain the desired gap.

42.2.3 An electrode or bus bar supporting an electrode shall be designed so that it may be fixed in its
proper position, and will maintain the desired gap.

42.2.4 An electrode shall be prevented from rotating within its insulator, unless such rotation will not
result in any change in spacing or alignment.

42.2.5 An electrode tip shall be of such design and material that extreme burning of its point will not
result when the burner is tested in accordance with these requirements. A high-temperature alloy steel, or
equivalent material, shall be used for the electrode tip.
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42.3 Insulators

42.3.1 An insulator shall be made of ceramic insulating material or the equivalent, impervious to moisture
and cleanable by wiping.

42.3.2 An insulator shall provide a distance, as measured across the surface of the insulator, between
the nearest point of bare current carrying parts and the nearest electrically grounded metal surface as
indicated in Table 42.1.

Table 42.1
Spacing over surface of insulators
I
Secondary voltage of ignition transformer Minimum surface distance over insdlator“, inches
(mm)
Not more than|6,000 1 25.4)
Not more than|10,000 1-1/2 38.1)
Not more than|15,000 2 50.8)

@ For burners gquipped with solid state ignition modules, the over-surface spacing shall be‘hased on peak voltage qf the ignition
system. For sdlid state ignition systems, the over-surface spacing may be reduced upop-successful completion of the dielectric
test in Section |p4.

42.3.3 An ipsulator included in a proved gas pilot assembly. to be energized by a transfofmer having a
secondary vgltage of not more than 6,000 need not conform.to 42.3.2 and Table 42.1 if ignitipn is to be for
combustible pir-gas mixtures only within or adjacent to a pilot tip or nozzle.

42.3.4 An ipsulator shall be so located that no dettimental accumulations of carbon will form on it when
the burner isftested in accordance with these requirements.

42.4 Leads

the ignition tlansformer. The peak\voltage rating of the ignition cable for burners equipped with solid state
ignition moddles shall be based on the peak voltage of the ignition system. If the ignition cable has only an
RMS rating, the peak rating\shall be determined by multiplying the RMS rating by 1.4. Each|end of a lead
shall be proyided with a.fixed loop, eyelet, or connector. A lead or cable shall be run individually in a
manner to ajoid sharp‘bends.

42.41 Ignilon cable shall have a voltage rating equal to or greater than the rated secondary voltage of

42.5 Transformers

42.5.1 A transformer shall be mounted as closely as possible to the spark gap to avoid long leads. Its
location shall be such that it will not be placed within 1 inch (25.4 mm) of the floor when the burner
assembly is installed in accordance with the manufacturer's installation instructions unless that portion of
the case within 1 inch (25.4 mm) of the floor is waterproof.

42.5.2 A spacing of at least 1/8 inch (3.2 mm) shall be provided between a transformer secondary
terminal insulator and any adjacent metal part other than the transformer case.

42.5.3 The preceding requirements for electric high-tension ignition systems are based upon the use of
ignition energy that is essentially sinusoidal. Other types of systems employing ignition energy that is not
essentially sinusoidal may be considered. Among the factors taken into consideration in determining the
acceptability of such systems are dielectric properties, electrical spacings, the true root-mean-square
(rms) value and the peak voltage of the system, the average pulses, duration of the pulses, and duty
cycles.
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42.6 Gas pilots

42.6.1 Except as indicated in 41.4, each main burner unit shall be equipped with a proved pilot to
accomplish proper ignition of the main burner. If multiple burners are operated as a unit, a sufficient
number of pilots shall be employed to accomplish the ignition of all main burners smoothly. The input to a
pilot or the total input to all pilots being ignited simultaneously shall be in accordance with 42.6.2 and shall
not exceed 5 percent of the maximum input of the main burner or total maximum input of all burners being
operated as a unit for any burner employing intermittent pilots.

42.6.2 |If the input to a pilot or total input to all pilots being ignited simultaneously exceeds 400,000 Btu
per hour the burner in conjunction with the incinerator on which it is used shall comply with the Delayed

Ignition Test No. 9

42.6.3 A pilot burner not automatically lighted shall be placed so that it can be safely lighted

42.6.4 The
burner gas re
from all main

42.6.5 Prim

42.6.6 Tips
having at lea
percent nicke|

42.6.7 Anpil
that their pos
means shall

burnerin rela

42.6.8 Clea
pilot gas tubir

jas supply pressure to the pilot or a group of pilots shall be regulated\separatel
gulator. The pilot-supply line shall be connected, or arranged to permit connecti
burner valves and the main burner regulator.

Ary air openings and orifices shall be accessible for servicing.

5t equivalent heat and corrosion resistant charagteristics. Nickel alloys of gre
, because of catalytic cracking effect, are not aceeptable.

bt burner, electric igniter, and pilot flame-sensing device shall be supported in sy
tion relative to each other and to the ports of the main burner or burners will rem

manually.

y of the main
bn, upstream

of continuous burning aerated pilot burners shallbevmade from AISI 416 ste¢l or material

ater than 1.0

ch a manner
ain fixed and

pe provided to reduce the risk of unintentional incorrect assembly or mounting of any pilot

ion to the burner being served.

rance shall be provided for.removal and replacement of the pilot burner withod
g.

t kinking the

ade either at
br valves and

Standard for

42.6.9 If a gilot burner supply. line is taken from a horizontal line, the connection shall be m
the side or top of the pipe. The’pilot supply line shall be connected upstream of all main burng
regulators.

43 Fittings jand Piping

43.1 An openihg-threadedforpipe—connection—shatt-be—threadedin—acecordance—with—the
Pipe Threads, General Purpose (Inch), ANSI/ASME B1.20.1.

43.2 An opening for field attachment to pipe larger than nominal 3 inch ANSI/ASME B1.20.1 pipe size
shall be provided with a flanged pipe connection conforming to Class 25, 125, 250, and 800 requirements
of the Standard for Cast Iron Pipe Flanges and Flanged Fittings, ANSI/ASME B16.1.

43.3 A fitting having openings threaded for pipe connections shall be capable of withstanding, without
damage or leakage, the turning effort (torque) specified in Table 43.1 exerted as if to screw the fitting onto
a pipe or into a pipe fitting. A standard pipe fitting need not be subjected to this test.
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Table 43.1
Torque requirements for pipe connections

Pipe size, inches Torque, pound-inches
1/4 250
3/8 450
12 800
3/4 1000

1 1200
1-1/4 1450
=172 T550

2 1650
2-1/2 1750

3 1800
3-1/2 1850

4 1900

43.4 A tool|which fits snugly about the fitting, or to a section of the shank shaped for a wfench, if such
section is prgvided, is to be utilized to apply the turning force. The turning force is to be appljed to the hex
of the fitting Idjacent to where it is attached to piping or, if no hex is provided in this position, fo the body of
the fitting. The measured torque specified above is to becapplied to the fitting to screw it gnto an extra-
heavy pipe, Bchedule 80, or into a pipe fitting of appropriate size. After the force has been applied, the
fitting is not fo leak when subjected to a hydrostaticspressure equivalent to one and one-half times the
maximum wqrking pressure.

43.5 Tapped holes for gas valves, pilots, or ether branch supply lines shall have not less than 3-1/2 pipe
threads.

43.6 Iron gr steel, gas-supply pipe_émployed on the incinerator shall comply with the|Standard for
Wrought Steel and Wrought Iron,Pipe, ANSI B36.10M. If brass or copper pipe is employgd, it shall be
dimensionally equivalent to iron.pipe. Substantial malleable iron, steel, brass, or copper pipg fittings shall
be used with|pipe. Unions, where used, shall be the ground-joint type or the equivalent.

43.7 Ends ¢f piping and-tubing shall be reamed to remove obstructions or burrs.

43.8 Comppundsrused on threaded joints of gas piping shall be resistant to the actioph of liquefied
petroleum ggdses!

43.9 Bent supply piping shall have the bends smoothly made without any appreciable reduction in the
cross-sectional area, shall reveal no imperfections occasioned by the bending process, shall be annealed
if necessary to remove internal stresses; and shall be cleaned inside to remove loose particles.

43.10 Tubing shall be arranged to avoid being physically damaged, such as by closely following the
contour of the burner assembly. Tubing connections shall be made by means of compression or flare type
fittings with steel or brass nuts. A fitting requiring the use of a gasket to obtain a gas-tight joint shall not be
used.

43.11 If a vertical section of piping is supplied on the upstream side of the gas controls, a trap in this
piping shall be supplied by the manufacturer. If a vertical section of piping is not supplied, the installation
instructions shall require the installation of a trap at the inlet of the gas connection of the unit.
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43.12 Seamless drawn aluminum or copper tubing employed in the fabrication of factory assembled
incinerators shall be not less than 1/4 inch (6.4 mm) outside diameter and shall have a wall thickness not
less than that shown in Table 43.2.

Table 43.2

Wall thickness — aluminum and copper tubing

Outside diameter, inches

Wall thickness, inches

1/4 0.029
5/16 0.029
3/8 0.032
7116 0.032
112 0.035
9/16 0.038
5/8 0.038
3/4 0,045
7/8 0.045
1 0.049
1-1/8 0.049
1-1/4 0.055
1-3/8 0.055

43.13 Alum
(371.1°C) an
neutral reacti

43.14 Steel

num tubing shall not be exposed to_condensate or to temperatures in exce
j shall not be acceptable for use where it passes through insulating material
bn unless the tubing is adequately protected from the insulation.

tubing of the seamless, brazed, or welded type shall be not less than 1/4 in
outside diamgter and shall have a wall thickness not less than shown in Table 43.3.

Table 43.3
Wall thickness — steel tubing

bss of 700°F
bf other than

ch (6.4 mm)

Outside.diameter, inches

Wall thickness, inches

1/4 0.028
5/16 0.028
3/8 0.028
12 0.028
5/8 0.035
3/4 0.035
7/8 0.049

1 0.049
1-1/8 0.049
1-1/2 0.065

43.15 Steel tubing having a wall thickness of 0.053 inch (1.34 mm) or less shall be constructed of
corrosion resistant material such as stainless steel or shall be plated, dipped, coated, or otherwise treated
to resist external corrosion.
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43.16 Cadmium plating shall have a thickness of not less than 0.0003 inch (0.0076 mm) except on a part
where threads constitute the major portion of the area, in which case the thickness of the cadmium plating
shall be not less than 0.00015 inch (0.0038 mm). Zinc plating shall have a thickness of not less than
0.0005 inch (0.0038 mm) except on a part where threads constitute the major portion of the area, in which
case the thickness of the zinc plating shall be not less than 0.00015 inch (0.0038 mm).

43.17 Copper tubing or tubing with internal copper surfaces, used for conveying gas, shall be internally
tinned or equivalently treated to resist sulphur corrosion. Such tubing shall not be exposed to
temperatures in excess of 350°F (176.7°C).

43.18 Flexible metallic hose is not considered a substitute for rigid piping or tubing as ordinarily
employed. Its use should be confined to applications where rigid piping or tubing is impractical and where
flexible conngctions cannot be avoided. It is not intended to be subjected to torsional, tensile| or excessive
vibration or Hending stresses or to abrasion. It is not considered suitable for use in conjunctipn with safety
devices or where bending is caused by automatic operation.

43.19 A fugl line shall terminate in a manner which will permit connection to-the burner asgembly. A fuel
line opening phall be plugged or capped to reduce the risk of foreign material entering prior to installation.

43.20 A 1/4 inch (3.2 mm) iron pipe size or larger plugged tapping, accessible for test gauge connection,
shall be furnished downstream from the last main line gas control for measuring gas pressure at the
burner.

44 Valves and Regulators
441 Automatic safety shutoff valves

44.1.1 Each main burner supply line shall be-equipped with a safety shutoff valve or valyes which will
close, indepgndent of external force and withisufficient closing force to provide tight shutoff [under normal
operating conditions. The following arrangements comply with this requirement:

a) Either two valves in series,\ohe of which is a safety shutoff valve, or one safety shutoff valve of
pe incorporating a proof of closure switch, when the maximum firing rate pgr combustion
champer does not exceed 2,500,000 Btu per hour (732 kW). The two valve arranggment may be

b) Two safety shutoff valves in series, or one safety shutoff valve of the type incorporating a proof
ure switch, when the maximum firing rate per combustion chamber exceeds 2,500,000 Btu

c) Twio-safety shutoff valves in series, one of which is of the type incorporating-a proof of closure
switch when the maximum firing rate per combustion chamber exceeds 5,000,000 Btu per hour.
Burners having a maximum firing rate per combustion chamber in excess of 12,500,000 Btu per
hour (3.66 MW) and equipped to fire fuel gas having a specific gravity less than one shall also
include a normally open 3/4 inch (19.1 mm) or larger electrically operated valve in a vent line

located between the two safety shutoff valves.

Exception: If an automatic valve proving system is installed to verify that both safety shutoff valves
are leak-free during each burner cycle and functions to prevent light-off in the event of a leak, a
normally open vent valve is not required to be used.

44.1.2 Each pilot supply line shall be equipped with a safety shutoff valve. This may be incorporated into
a main line combustion gas valve.


https://ulnorm.com/api/?name=UL 2790 2024.pdf

70 UL 2790 APRIL 2, 2024

44 1.3 Safety shutoff valves shall shut off after being de-energized within the time limits specified in
Table 40.1.

44.1.4 Safety shutoff valves shall be constructed so that they may not be restrained or blocked in the
open position. Such valves shall close upon being de-energized regardless of the positions of damper

operating levers or reset handles.

44.1.5 An electrically operated safety shutoff valve shall not depend on electricity to shut off the gas
supply.

44.1.6 A pressure operated safety shutoff valve shall close upon failure of pressure.

44.1.7 A by
input only. A
safety shutoff

pass to provide for minimum flame may be installed around a valve used,to
pypass shall not be installed around a safety shutoff valve or a combination\yinpu
valve.

regulate fuel
t control and

44.1.8 Means shall be provided to facilitate testing automatic valves for leakage when in the closed

position.

the Standard
valve safety

4419 Auto
for Electrical
standard.

matic safety shutoff valves shall be constructed and testéd in accordance with
y Operated Valves, UL 429 or equivalent nationally< recognized automatic

44.2 Manually operated valves

44.2.1 Manually operated main shutoff and pilot shutoff valves shall have an attached ha
positioned pafallel to the gas flow when the valve igin the open position. These valves shall |
that they are fccessible. These valves shall be stamped and/or marked for their specifically d
(such as "g" for gas, or "wog" for water, oil, or\gas), and they shall have indicated ON and O
These indicafions may be by means of a line on the valve stem which is parallel to the flow
the valve is ¢pen and perpendicular to.the flow of gas when the valve is closed. The val
incorporate s{ops for both fully open.and fully closed positions.

44.2.2 A manually operated 'main burner shutoff valve shall be installed in the line suppl
burners and

Another manually operated gas valve shall be installed in the gas line of the main bu

hdle which is
be located so
esigned use,
FF positions.
of gas when
ve shall also

ying all main

shall be located-upstream of main burner gas control and automatic safety shutoff valves.

rner, located
ff valves for

to the pilot

downstream pf all automatic safety shutoff valves to permit the testing of the safety shut
leakage.
4423 A m nlmlly npnrni‘nd Ir_\ilnf shutoff valve shall be located in the gas Qllppl\JI ling
burner(s).

44.2.4 On manually lighted burners, a manually operated main burner test valve (checking gas cock)
shall be provided downstream from the safety shutoff valve for each main burner. The test valve(s) shall
be interlocked with the safety control circuit and arranged so that the main burner safety shutoff valve(s)
must be opened against their associated closed test valve(s).

44.2.5 Manually operated valves shall be constructed and tested in accordance with the Standard for
Valves for Flammable Fluids, UL 842, or equivalent nationally recognized manual valve safety standard.
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44.3 Gasp

44.3.1
and lever typ

ressure regulators

e of regulator shall not be used.

Spring or weight loaded regulators shall have springs or weights covered by a housing. A weight

44.3.2 The diaphragm housing of a gas pressure regulator shall be made so that a vent pipe may be
connected. See Marking section for tagging of vent line connection.

Exception: When the gas pressure regulator is provided with an integral leak limiting orifice, the vent pipe
connection and marking of the connection need not be provided.

4433 The Ydo PITooUlT IUyu:dtUI oha“ bU :uuatcd upotlcalll Uf a“ autunlat;u ydo LUI Itl
indicated in 44.3.4.

44.3.4 The|gas pressure regulator may be located downstream of the automati¢-safety sh
provided the burner is marked as indicated in 77.3.

44.3.5 Except as indicated in 44.3.6, a gas pressure regulator(s) shall be-furnished.

44.3.6 Ani
declare that
shall be instg

44.3.7 Gas
Pressure Re

45 Bleeds

451 A blee
pressure int
balance a di
manufacture
of a regulato
mm) outside

45.2 Bleed
the combusti
1450°F (788
and the hea

]

B regulator capable of being adjusted to the incinerator's designed burner man
lled at the time of installation of the incinerator. See 77.2.

pressure regulators shall be constructed_and tested in accordance with 4
julators, or equivalent nationally recognized-pressure regulator safety standard.

Band Vents

d line from a diaphragm valve and an atmospheric vent line from a gas-press
rlock switch or any other gas train component that requires atmospheric ai
phragm, shall be provided*with threaded pipe connection for venting in accord
's instructions. Unless‘the burners are equipped for constant-burning pilot only
I shall not vent intasthe combustion chamber. Bleed lines shall be not less than
diameter tubing:-

lines fromrdiaphragm control valves and vent lines from gas-pressure regulators
pon chamber shall terminate in burner tips made of a metal having a melting poir

Is except as

utoff valve(s)

hcinerator may be furnished without a pressure regulator provided it is permanently marked to

fold pressure

ANSI Z21.18,

ure regulator,
I pressure to
ance with the
the vent line
1/4 inch (6.4

that vent into
t in excess of

C). They shall be located so that the escaping gas will be readily ignited from {

e pilot flame

n of the thermal element. Bleed line bufners shall be

securely held

45.3 A vent line from a gas-pressure regulator shall not be connected into a common line with a bleed
line from a gas-operated diaphragm or from a relief valve.

45.4 Atmospheric vent lines, when manifolded, shall be connected to a common vent line having a cross
sectional area not less than the area of the largest vent line plus 50 percent of the areas of all the
additional vent lines.

455 Gas vent lines with normally open, fully ported, electrically operated valves shall be sized in
accordance with Table 45.1.
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Table 45.1
Vent line sizing
Fuel line size, nominal pipe size, inches Vent line size, nominal pipe size, inches
Up to 1/1-2 3/4
2 1
2-1/2 1-1/4
3 1-1/4
4 2
5 2
[§) Z-172
8 3
PERFORMANCE
46 General
46.1 The pdrformance of the gas-burning incinerator shall meet the, applicable requirementg when tested
as described herein. An incinerator of a type not described ,specifically herein shall pe tested in
accordance ith the intent of these requirements. If any indications are observed during the tests

prescribed th
tests shall be
Standard.

46.2 Incinern
with clearanc
recommende
demonstrate

46.3 Anevg
undertaken tg
initial conden
representativ
accordance W
E70. If the p
required. If th
accordance W
UL 1738.

At a incinerator will not continue to meet the requirements in normal usage, su
conducted at the discretion of the third party<safety certifier to provide conforn

ators are tested normally to determingssuitability for installation on noncombustil

pplementary
nance to this

ble floors and

es to combustible walls and ceilings*as specified by the manufacturer. Incinerators may be

i for installation on combustiblé floors if tests in accordance with these
hat, when so installed, tempetatures will not exceed designated limits.

luation of any condensatioh that may collect in the flue gas ductwork or compon
determine the pH.content. The pH content is to be measured as undiluted co
sate sample is ta be taken upon a cold start and additional samples are to bg
b of all firing conditions that produce condensate. The pH measurement is to be
ith the Standard Test Method for pH of Aqueous Solutions With the Glass Eleg
H is greater-than or equal to 3.0, no further evaluation of the effects of the ¢
b pH coneentration is less than 3.0, the venting system of the appliance shall be
ith-the Standard for Venting Systems for Gas Burning Appliances, Categories

requirements

ents shall be
hdensate. An
taken to be
performed in
trode, ASTM
bndensate is
evaluated in
I, I, and 1V,

47 Test Installations

471

The incinerator in the as received condition is to be placed in a partial enclosure formed by two

walls of 1 inch nominal thickness wood boards or plywood 3/4 inch (19.1 mm) thick, set at right angles and
finished in flat black. All joints are to be sealed or tight. The walls of the partial enclosure are to extend 3
feet (0.9 m) beyond the end and side of the incinerator and at least 1 foot (0.3 m) above the top of the
incinerator. The wall is to be the minimum distance specified by the manufacturer from the side and back
of the incinerator.

47.2 A ceiling of equivalent construction is to be placed above the partial enclosure. Clearances from
chimney and vent connectors are to be not less than 6 inches (152 mm).
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47.3 As an alternative to the above, the partial test enclosure may be eliminated and thermocouples
attached to the outer casing panels as specified by 48.3.4 — 48.3.6. The temperature at points on external
surfaces of the incinerator, except within 9 inches (229 mm) of the flue collar or any inspection or relief
opening, shall not exceed the values specified in Table 60.1.

47.4 If the flue gases are vented horizontally, a length of single wall vent pipe is to be run horizontally
through the wall of the test structure. An elbow and vertical vent pipe is to be attached on the far side of the
wall to provide a vent arrangement similar to Style Ill, Figure 47.1. If the flue gases are vented vertically, a
vertical vent pipe is to be attached to the vent collar of the incinerator.
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Figure 47.1
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47.5 If the incinerator is designed for direct installation on combustible flooring, the floor beneath the
incinerator is to be 1 inch (25.4 mm) white-pine flooring superimposed by one layer of building paper; and
then by 3/4 inch (19.1 mm) plywood, unpainted or finished with clear sealer.

47.6 The enclosure is to be constructed of 1 inch (25.4 mm) nominal thickness wood boards or plywood
3/4 inch (19.1 mm) thick finished in flat black with all joints sealed.

47.7 Incinerators with vertical flue outlets are to be tested with two vent arrangements, Styles | and lll, as
shown in Figure 47.1. Incinerators having horizontal flue outlets are to be tested with two vent
arrangements, Styles Il and Ill, as shown in Figure 47.1. A closed insulating thimble, 4 inches (102 mm)
larger in diameter than the vent pipe, is to be used where the vent pipe may pierce the enclosure. For test
purpose, a single-wall vent pipe is {o be used with the specified clearance to test wall and ceiling surfaces.

48 Instrumentation
48.1 Draft measurement

48.1.1 Draflt is to be measured by a draft gauge which may be read directly to 0.005 in¢ch (0.13 mm)
water column and which has an accuracy of £0.0025 inch (0.064 mm)..A\gauge is to be chgcked for zero
reading at thg beginning and the end of each test.

48.2 Powe[ measurement
48.2.1 Thefltotal electrical input to an incinerator is to be measured in amperes or watts.

48.2.2 An ammeter, wattmeter, or voltmeter is to have a maximum scale range of not mqre than 1-1/2
times the value to be measured. The smallest scale'division is to be not more than 1/50 of fhe maximum
scale range.

48.3 Temperature measurements

48.3.1 Unlgss otherwise indicated,. surface temperatures are to be determined by a potefptiometer and
bead type th¢rmocouples not larger than 24 AWG.

48.3.2 Thermocouples are.to be placed on surfaces of the test enclosure at various locations as may be
required to opserve maximum temperatures during tests. Where the vent connector pierces the enclosure,
temperature [measurements on the inside surfaces of the enclosure are to be made 6 inchgs away from
the vent connector=~Thermocouples are to be attached to other pertinent materials and parts, such as
those in Tablg.61.4.

48.3.3 If electrical conductors are involved, temperatures are to be measured on surfaces of the
conductor insulation, which conductors are to be placed against enclosure surfaces they are likely to
touch. The junction of the thermocouple should be held in good thermal contact with the surface of
electrical conductors, preferably with an adhesive or cement. Pressure sensitive tape may be used,
provided good thermal contact is achieved, and provided the application of the tape does not create air
spaces adjacent to the conductor or between layers of tape and provided that the tape has an emissivity
comparable to that of the conductor.

48.3.4 Thermocouples are to be secured to wood surfaces by staples over insulated portion of the wire
and with the tip held in a good thermal contact with the surface by pressure sensitive tape; except that for
zero clearance, the thermocouples are to be applied to surfaces of the incinerator at points of zero
clearance.
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48.3.5 Thermocouples are to be attached to metal surfaces at high temperature by welding, soldering or
brazing. The attachment should be made with a minimum projection of the thermocouple lead and the
brazing metal outward from the metal surface. Thermocouples may be attached to metal surfaces at lower
temperature with cement or pressure sensitive tape, provided good thermal contact is achieved and
provided that the tape does not create an air space adjacent to the metal surfaces.

48.3.6 Thermocouples are to be attached to surfaces other than as described above by being cemented
or taped to the surface in a manner to assure good thermal contact with the surface. The temperature on
the surface of the casing of portable and mobile heaters is to be determined by a thermocouple attached to
the surface under a flexible, oven dry, felted asbestos pad, 6 square inches (38.7 square mm), 0.4 inch
(10.2 mm) thick, and weighing not less than 1.0 nor more than 1.5 pounds per square foot (4.9 nor more

than 7.3 kgs per square meter).

48.3.7 Temperatures are to be ascertained by temperature changes of not more than5°F- (3

consecutive r
48.3.8 Incin

size as the vs

48.3.9 Two
angles to the

are to be orignted so that they will divide the cross-sectional area in the vent pipe into qu

temperature

measuremen
distance from
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temperature i

48.3.10 Roq
located as in
indicated in F|

48.3.11 DeV
uninsulated b
pipe may be 3

padings taken 15 minutes apart at observed maximum temperature points,

erators are to have attached a 3 foot (.91 m) length of uninsulated black-iron pi

axis of the vent pipe within 1 foot (.3 m) of the normal flue-gas outlet of the inci

measurement is to be taken at the intersection of the two lines. Eight
s are to be taken, in two sets of four along each line, at points one-third and twg
the intersection to the periphery. The temperature is to be determined with
not larger than 24 AWG successively placed at the specific positions.
5 to be the average of these nine individual readings.

m temperature is to be taken as‘the average of two shielded thermometers, seq
Hlicated by Figure 48.2. As.@n alternate, 24 AWG thermocouples may be use
gure 48.2.
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ines, intersecting at right angles, are to be established./in the plane of measurg

°C) for three

be, the same

nt collar or induced-draft fan outlet of the incinerator. The pipe may be attached directly to a
vertical or hotlizontal flue-gas outlet.
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Figure 48.1

Thermometer shield
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Figure 48.2
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49 Test Methods
49.1 Firing conditions

49.1.1 The conditions for firing burners during tests outlined in these requirements are to be as
described below unless otherwise directed by an individual test requirement.

49.1.2 The draft is to be as recommended by the manufacturer.

49.1.3 The firing rate at high fire is to be equivalent to the rated input of the incinerator being fired.

49.1.4 The[fifNgTate atiNtermediate fires 1S 10 be as recommended by the manutacturer.
49.2 Test Voltages

49.2.1 Unlgss otherwise specified, burners are to be tested at the potentials/indicated in Table 49.1 for
each test as fetailed in the describing the test.

Table 49.1
Test voltages
Rated poltage Normal test voltage Qvervoltage Underyoltage®
1101 120 120 132 1p2
2p8 208 229 177
2201240 240 264 2p4
254 + 277 277 305 2B5
4401480 480 528 4p8
550 600 600 660 510
Other Rated 110 percent rated 85 percent rated
@ Values in this|column are applicable to alternating-current potentials. Undervoltage tests for a direct-current burngr or component
are to be cond{icted at 80 percent ratedvoltage.

50 Power Input Test <Test No. 1

50.1 The ppwer_ihput to an appliance shall be no more than 110 percent of the marked rating of the
appliance.

50.2 To determine if an appliance complies with the requirement specified in Section 59, Temperature
control — Test No. 10, the power input is to be measured with the incinerator at the temperature attained
under intended operating conditions, full-load conditions, and while connected to a supply circuit of rated
voltage as specified in 49.2.1.

51 Combustion — Test No. 2

51.1 Combustion shall be complete in the space provided by the incinerator or, if a burner assembly in
the space recommended by the manufacturer, and no carbon monoxide in concentration in excess of
4/100 of 1 percent shall be present in air free samples of the flue gases taken over the full operating range
of the burner assembly.
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51.2 Complete and stable combustion shall be maintained at the minimum rate of firing or during any
sudden change in the gas firing rate between maximum and minimum rates. Ignition shall be
accomplished safely.

51.3 The maximum temperature of flue gases during any of the tests in Sections 59 and 60, Temperature
Control Test and Temperature Test, at the maximum input recommended by the manufacturer shall not be
in excess of the designed temperature or the limits of Table 60.1.

51.4 With respect to 51.3, determination that the flue gases in the vent pipe are at a negative pressure
are to be made in the center within the vent pipe, 6 inches (152 mm) down-stream from the connection of
the vent pipe to the flue gas outlet of the incinerator. The vent pipe is to be connected in accordance with
48.3.11. The pressure of the flue gases shall be negative at all permitted inputs of the incinerator.

51.5 The pgrformance of a burner assembly or incinerator during this test shall be such-that;
a) Igniion is obtained on each cycle within the expected safe period of time-

b) Ignition is obtained at each cycle without flash of flame outside the heating devicgs being fired
and w|thout damage to parts of the incinerator.

c) Stable fires are obtained at all operating firing rates.

d) Thg concentration of carbon monoxide in the flue gases‘is not in excess of 4/100 of 1 percent in
an air free sample taken at all firing rates.

e) No| soot has been deposited on surfaces ofthe heat exchanger, flue passapes, or vent
connegtor of the heating devices fired for the test:

f) Surfaces of the fire box, hearth, electfodes, and igniters and their insulators dre free from
detrimental formation of carbon, soot, and-tar.

g) A pilot does not deposit detrimental carbon when adjusted according to the mpnufacturer's
instrugtions.

51.6 All hedting surfaces in contaet with combustion products and the vent pipe of the inciperator to be
fired for the tgst are to be thoroughly cleaned before the combustion test is begun.

51.7 The inginerator isyto"be arranged for operation in accordance with the instructions furpished by the
manufacturer| The incinerator is to be fired at a rate within the rating of the incinerator.

51.8 Tests jare\t0 be conducted at normal gas pressures. The manifold pressure |s to be as
recommendet-by-the-manufactarer

51.9 The incinerator is to be fired with the test gases for which the incinerator is rated. The input, air-fuel
ratio, and other operating conditions are to be in accordance with the manufacturer's instructions. The
temperature control is to be bypassed to permit continued operation when required by a test. During test,
the temperature within the incinerator is to be not greater than its rated temperature.

52 Burner Endurance — Test No. 3

52.1 Ignition obtained during each cycle, flames not flash outside the heating appliance, no tar or
flocculent soot buildup was observed on heat exchanger or burner surfaces, the pilot did not deposit
detrimental carbon and the electrical rating consistent for each component employed.
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52.2 A burner assembly of the ON and OFF type is to be fired 10 minutes ON and 10 minutes OFF for
intermittent firing tests.

52.3 A modulating burner assembly is to be fired in successive cycles, each cycle consisting of 10
minutes on high fire, 10 minutes on intermediate fire, 10 minutes on minimum fire, and 10 minutes off for
intermittent firing tests.

52.4 During test periods, observations and recordings are to be made of the draft on each operating rate,
ignition, and combustion characteristics, combustion-chamber conditions, and any unnatural performance.

52.5 The fuel burning rate, draft over fire, CO, and CO are to be observed and recorded for each

operating firg-

52.6 Thed

52.7 MeasuUrements of flue-gas temperature is to be made. The maximum flue‘gas temper

exceed the i

53 Combugtion Air Failure — Test No. 4

53.1 A meq
and upon re
53.3.

53.2 Thein
for the Comi
burner asser
to be stoppe
flexible coup
in accordanc

53.3 The fy
before any ¢
burner asser
off may be a
accordance

maximum rafed inputsis.in excess of 2,500,000 Btu per hour a manual reset shall be neces

the burner af

mits specified by the manufacturer.

hanical-draft burner assembly or incinerator shall not\operate improperly durin
storation of the combustion air supply, as determined by test in accordance

itial conditions for the test to determine conformance to the preceding paragrap
ustion Test. The test may be conducted during the course of the Combustion t
nbly or incinerator is being fired at any,operating rate, the fan supplying air for
d, i.e., by disconnecting the fan metor only from the electrical circuit, by disca
ing, or by removing any belt needed to drive the fan. Fuel to the main burner is
e with 53.3.

el shall be shut off due tothe inherent design of the burner assembly or by actiq
onditions develop 4hat may cause a risk of fire or explosion. For an automg
nbly whose maximum rated input does not exceed 2,500,000 Btu per hour (732
ccomplished autematically upon restoration of the air supply after completion o
vith Sectiordl. For a manually lighted burner and for an automatically lighted

er resteration of the air supply.

54 Underv

Iiration of these tests is to be that required to obtain conclusive performance\data.

ature is not to

g interruption
vith 53.2 and

h are to be as
bst. While the
combustion is
nnecting any
to be shut off

n of a control
tically lighted
kW) the light
f the purge in
burner whose
sary to restart

bltage — Test No. 5

54.1 A burner assembly or incinerator shall operate in accordance with these requirements when tested
at a voltage of 85 percent of rated voltage for alternating current or 80 percent of rated voltage for direct
current incinerators.

54.2 The initial conditions for test are to be as for the Combustion Test. The test may be conducted
during the course of the Combustion Test. The voltage of the power supply to the burner assembly or
incinerator is to be regulated to maintain the minimum voltage specified and the burner assembly ignited
and fired at high fire in the intended manner until steady-state conditions are attained.

54.3 The performance of the burner or incinerator shall be such that:

a) Ignition of the main burner flame is effected as intended during the five ignition trials.
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b) Flames do not flash outside the incinerator being fired nor damage incinerator parts.

c) Combustion is complete and stable.

d) The concentration of carbon monoxide in an air free sample of the flue gas taken at the high-fire
rate does not exceed 4/100 of 1 percent.

e) The burner assembly is capable of operation without interruption.

55 Power Interruption — Test No. 6

55.1

A power operated burner assembly or incinerator shall not operate improperly upon interruption of

the power su
manual resta

55.2 Theini
the Combust

burner assembly or incinerator is being fired at any operating rate, the power supply is to bg

The power is
de-energized

55.3 The fu

require mandial restart to fire the burner assembly upon festoration of the power s

automatically
provided safe

554 A burr
functioning i
accordance W
See Test Nos|

56 Pilot Su
56.1 Pilot s

ignite the fuel

56.2 Test to
Combustion T
which will act

ply._Upon restoration of the power supply, the burner assembly or mcinerator
t or shall safely resume normal operation automatically.

tial conditions for test to determine conformance to the preceding paragraph ar
on Test. The test may be conducted during the course of the Combustion Te

then restored after being interrupted for any period of time. The.gas safety val
and fuel to the main burner shall be shut off within the timedimit specified in Tabl

el is to be automatically shut off by action of a safety control. The burner as

lighted burner assembly may restart automatically upon restoration of the f
automatic reignition is obtained.

er assembly or incinerator equipped with multiple igniters, each of which i
dependently of the others, shall be’;so designed that when the incinerator
ith the following requirements, any-ene igniter will effect ignition while the others
7 and 8.

pbervision — Test No. 7

ipervision by a safety control shall be only at a point where the pilot flame W

determing*conformance with the preceding paragraph is to be made in conjun
[est. Before a test is begun, the gas supply to the pilot is to be regulated to provi
hate the primary safety control. At least five trials are to be made for each pilot fl3

shall require

e to be as for
st. While the
b interrupted.
e(s) shall be
e 40.1.

sembly is to
Lipply, or an
ower supply

5 capable of
is tested in

are inactive.

ill effectively

at the main burneror burner group with the pilot burning with any flame capabl¢ of actuating
the primary safety control.

ction with the
de any flame
me tested.

56.3 The combustion detector of a primary safety control which is capable of detecting the presence of
ignition spark shall be so positioned that the combustion detector shall respond to flame properties only. At
the rated voltage, the signal strength due to an ignition spark shall be not more than 50 percent of the
signal strength required to hold in the flame relay at 110 percent of rated voltage.

56.4 The test to determine conformance with the preceding paragraph is to be made in conjunction with
the Combustion Test. Before a test is begun, the gas supply to the pilot is to be shut off. Five trials are to
be made to determine that ignition spark, or reflection from any part of the burner or incinerator capable of
reflecting the spark, will not result in a signal strength in excess of that specified throughout the entire trial-
for-ignition period.


https://ulnorm.com/api/?name=UL 2790 2024.pdf

APRIL 2, 2024 UL 2790 83

57 Ignition, Gas-Electric High Tension — Test No. 8

57.1 A gas-electric high tension ignition system, arranged for initially igniting a gas pilot, shall ignite the
pilot upon admission of pilot gas in accordance with 57 — 57.5. The pilot, in turn, shall effect ignition of the
main burner fuel as introduced into the ignition zone.

57.2 An electric high tension ignition system arranged for ignition of main burner gas directly shall effect
the ignition when tested in accordance with 57.3 — 57.5. See also 58.1 — 58.3.

57.3 The burner assembly or incinerator, arranged and installed as for Test No. 1 is to be tested for
conformance to the precedlng paragraph after it has been subjected to the combustion test The spark gap
orgapsaret didsted < ’ ol Hacty but-a-gap-isto be not less

57.4 The vpltage of the power supply to the ignition system is to be regulated-to 70 pefcent of rated
voltage, and|the voltage of the power supply to the safety control circuit is to be, regulated to[85 percent of
i direct current
incinerators.

57.5 The burner assembly or incinerator and ignition circuits are to(be energized. Five trjals are to be
made. If the purner assembly or incinerator is to employ an interchangeable transformer, the appropriate
interchangegble test transformer is to be applied to the burner assembly or incinerator and five additional
trials for ignition are to be made. During each trial, ignition is.to be effected safely and no flgme is to flash
outside the ifjcinerator being fired.

58 Delayed Ignition — Test No. 9

58.1 For ar] incinerator that is arranged for ignition of the main burner gas directly by an elegtric igniter or
on which thg¢ input of the pilot exceeds 400,000 Btu per hour, delay of the ignition shall not result in
flashback of [flame to the outside of the inginerator or any damage to the incinerator and the connected
vent system When tested in accordance with 58.2 and 58.3.

58.2 The incinerator shall be arranged as specified in the Combustion Test, 51, except thg power to the
electric ignitgr is to be connectéd through a switching device so that energization can be delayed for a
controlled pgriod of time. Thé tests are to be conducted with both the control system apd the igniter
energized atfthe rated voltage.

58.3 Ignitiop of the.main burner or the piIot whichever is applicable, is to be delayed initiaII for 1 second
from the tim successively
control that is
employed. The |gn|t|on of the main burner or the pilot shaII be in accordance wrth 58 1 for each of the trials.

59 Temperature Control — Test No. 10

59.1 A temperature control shall function to reduce the risk of an incinerator, when tested as described
herein, delivering combustion chamber and/or flue gases at temperatures in excess of that specified by
the manufacturer.

59.2 The temperature control, if adjustable, is to be set to the maximum allowable setting. A modulating
type operating control provided to regulate the fuel input between high and low fire values shall be
bypassed to permit the incinerator to operate on high fire.

59.3 The incinerator is to be placed in operation and firing at maximum input continued until such time as
the temperature control functions to cause firing of the burner to cease. For an automatic reset control, the
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test is to be repeated at the discretion of the testing agency and the cutout temperatures are to be
averaged to determine acceptance.

60 Temperature Tests

60.1

60.1.1

General

When an incinerator is tested in accordance with these requirements, no part shall attain a

temperature sufficient to damage required corrosion protection, to adversely affect operation of safety
controls, to impair the value of required thermal or electrical insulation, nor to cause creeping, distortion,
sagging, or similar damage when such damage to the material or part may cause the incinerator to

become unsafe-foruse—The-temperaturerises-at-specific-points-shall-be-not-greaterthan-those specified
in Table 60.1 pinless otherwise indicated.
60.1.2 The [temperature of the chimney shall not exceed that for which it was. designed during the
conduct of this test. (See Section 18, Capacitors.)
Table 60.1
Maximum temperature rises
Maximum rise above inlet-air templerature?
Column 1 Colyumn 2
Item Degrees F | (Degrees C) | Degrees F || (Degrees C)
Surfaces of tes{ enclosure, ceiling, walls, and the like 90 50 175 97
Surfaces of flogr beneath and within 3 feet (0.91 m) of a incinerator to
be classified folf installation on combustible floors 90 50 175 97
Surface of incinerator in lieu of test structure — standard clearances 180 100 310 173
Surface of incinferator in lieu of test structure — increased-clearances 280 156 490 272
Surfaces of inciperator at points of zero clearance.fo’test structure or
exterior surfacgs, vent pipe excepted, of a portablé or mobile heater 90 50 175 97
Aluminum alloyp: 73 41 84 47
1100 330 183 430 239
3003 430 239 530 294
2014, 2017,]2024, 5052 530 294 630 350
Flame spreadefs and combustion heads:
Gray cast irgn 930 517 930 517
Chrome alloy cast iron, 0.5 — 1.0 percent chrome, 1230 683 1230 683
0.2 — 0.5 percent nickel or copper
Ductile, nodular, cast iron 1230 683 1230 683
Types 501, 502 iron-chromium steels 1230 683 1230 683
Type 430 iron-chromium steel 1430 794 1430 794
Type 442 iron-chromium steel 1560 867 1560 867
Type 446 iron-chromium steel 1560 867 1560 867
Type 309 iron-chromium-nickel steel 1730 961 1730 961
Flue-gas baffles:
Aluminum coated steel 1030 572 1030 572

Table 60.1 Continued on Next Page
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